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Foreword 


I am very pleased to introduce this book on Non-Neurogenic Bladder Dysfunctions, 
which belongs to the Urodynamic, Neurourology and Pelvic Floor Dysfunctions 
series of the Italian Society of Urodynamics (SIUD). 

This publication embraces the whole spectrum of bladder dysfunctions. This 
topic is indeed of utmost importance as pelvic floor dysfunctions are not only highly 
prevalent in the population but also require a careful management to optimize 
patient outcomes. A clear example of this contradiction is the underactive bladder, 
which can also simulate symptomatic bladder outlet obstruction in male. 

Moreover, the physiopathology and the best management of most of these condi- 
tions still need to be better understood. The treatment of non-neurogenic bladder 
dysfunctions must be balanced between patient’s expectations and fragility. The 
improvement of quality of life, which must be the first goal for the clinician, should 
rely on a comprehensive evaluation of all patient’s diseases. 

This book will hopefully become a reference for all clinicians involved in the 
management of these conditions, providing useful information from diagnosis to 
treatment, and focusing on key aspects of patients’ quality of life such as sexuality. 

The expertise and knowledge of the authors is a distinct strength of this publica- 
tion. The result is a well-organized textbook in which contributions and different 
points of view are integrated in a practical and multidisciplinary perspective to pro- 
duce an up-to-date addition to the literature on non-neurogenic bladder dysfunctions. 

I take this opportunity to thank the editors, Matteo Balzarro and Vincenzo Li 
Marzi, as well as all the authors for their countless efforts made in completing this 
book during a year profoundly challenged by the COVID-19 pandemic, which 
changed dramatically our lives and our working habits. 


Sergio Serni 

Chairman of the Unit of Minimally Invasive, 

Robotic Urologic Surgery and Kidney Transplantation, 
Department of Experimental and Clinical Medicine, 
Careggi Hospital, University of Florence, 

Florence, Italy 


Preface 


We are proud to introduce this book titled Non-Neurogenic Bladder Dysfunctions. 
This volume aims to focus on conditions such as overactive bladder, underactive 
bladder, detrusor overactivity impaired contractility, and defunctionalized bladder. 
In addition to a detailed description of the pathophysiology, diagnosis, and treat- 
ment, topics such as imaging and sexuality are also accurately reviewed. Overactive 
bladder has also been widely argued when present in particular cases such as in 
bladder outlet obstruction or in case of concomitant stress urinary incontinence. 

The patient-focused multi-specialist approach, a key characteristic of this text- 
book, also offers a complete view of clinical conditions considering the potential 
challenges of each type of patient, overcoming a “solo practice” perceptive which 
is being increasingly abandoned. 

All the edited books which belong to this collection are the result of the collabo- 
ration between Springer and the Italian Society of Urodynamics (SIUD), in order to 
provide all readers with a reliable cornerstone in the management of various topics 
in functional urology. 

Professionals dealing with pelvic floor such as urologists, gynecologists, phys- 
iatrists, and physiotherapists as well as general practitioners will find this book 
highly useful for the management of non-neurogenic bladder dysfunction. 

This text, written and edited during the COVID-19 pandemic, demonstrates how the 
authors’ passion for this subject was a primary aim despite the challenges in both our 
private and professional life. For this reason, our special thanks goes to all the authors. 


Matteo Balzarro Vincenzo Li Marzi 
Verona, Italy Florence, Italy 
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Preface 


Bladder dysfunctions represent the “core business” of people dealing with 
Urodynamics, and this is extremely appropriate for the Italian Society of 
Urodynamics. The Editors of the present volume focuses particularly on Overactive 
and Underactive bladder, involving a distinguished faculty of Authors that shed an 
innovative and intriguing light over this two major topics. 

Clinicians involved in the management of pelvic floor disorders will find inter- 
esting idea in this volume, independently from their major area of interest. A 
Multidisciplinary approach, in fact, represents the added value to a wider under- 
standing of functional disorders. 

The present volume fully adds the other precious volumes published under the 
auspices of the Italian Society of Urodynamics. 


Marco Soligo 
Lodi, Italy 
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Physiopathology of Overactive Bladder 


Enrico Finazzi Agro, Serena Pastore, 
Virgilio Michael Ambrosi Grappelli, and Marco Carilli 


1.1 Definitions 


Overactive bladder syndrome (OAB) is a common disorder with significant impact 
on quality of life, defined in 2002 by the International Continence Society (ICS) as 
a syndrome characterized by urgency, with or without urge incontinence, usually 
with frequency and nocturia [1]. To be consistent with the individual component of 
lower urinary tract symptoms (LUTS), it is preferable to use the terms “urgency 
incontinence” and “increased daytime frequency” instead of “urge incontinence” 
and “frequency,” respectively [2]. Thus, the current definition of OAB is urgency, 
with or without urgency urinary incontinence, usually with increased daytime fre- 
quency and nocturia, in the absence of proven infection or other obvious pathology. 

The ICS established standardized definitions for the single OAB components [1]. 
“Urgency” is the complaint of a sudden compelling desire to pass urine, which is 
difficult to defer; this is the pivotal symptom of OAB, with the greatest impact on 
quality of life [3]. “Urgency urinary incontinence” (UUT) is defined as involuntary 
leakage of urine, accompanied or immediately preceded by urgency. “Increased 
daytime frequency” is the complaint by the patient who considers that he or she 
voids too often by day; there is no minimum number of voids included in the stan- 
dardized definition, and there is currently insufficient research evidence on which to 
base a threshold for defining increased daytime frequency. “Nocturia” is the com- 
plaint that the individual has to wake at night one or more times to void. 
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“Detrusor overactivity” (DO) is a urodynamic observation, characterized by 
involuntary detrusor contractions during the filling phase, which may be spontane- 
ous or provoked [1]. OAB was historically thought to be caused by DO, because 
OAB symptoms are suggestive of urodinamically demonstrable DO [1]. However, 
DO is not synonymous of OAB: in fact, almost 50% of patients with DO experience 
urgency [4], whereas patients with urgency are often found to not have objective 
evidence of DO on urodynamic studies [5-7]. 


1.2 Pathophysiology 


OAB pathophysiology is poorly defined and incompletely known, but most proba- 
bly multifactorial. 

Despite many preclinical studies have been performed, the subjective nature of 
urgency makes development of animal models impossible. Most studies on mecha- 
nisms related to urgency and/or OAB employed isolated tissues and experimental 
animals: in these animal studies, non-voiding contractions have been used most 
frequently as surrogate parameter of urgency [8]. 

The factors involved in OAB etiology can be summarized in two principal groups: 


1. Neurogenic factors. 
2. Non-neurogenic factors (myogenic; urotheliogenic; other factors). 


The cause of OAB and DO may be different in different individuals, and may 
include one or more of the following and possibly other mechanisms that are yet to 
be described. 


1.3 Neurogenic Factors 


In normal physiological conditions, micturition occurs in response to afferent sig- 
nals from the lower urinary tract (LUT) and is controlled and coordinated by neural 
circuits in the brain and spinal cord [9]. The lower urinary tract is innervated by 
afferent and efferent neuronal complex of peripheral neural circuits involving auto- 
nomic and somatic neurons [10]. 

Parasympathetic preganglionic neurons innervating the LUT are located in the 
lateral part of the sacral intermediate gray matter. Those neurons send axons to 
peripheral ganglia, where they release the excitatory transmitter acetylcholine 
(ACh) [11]. Parasympathetic postganglionic neurons in humans are located in the 
detrusor wall layer as well as in the pelvic plexus. ACh, which interacts with mus- 
carinic receptors on the detrusor muscle, is the predominant peripheral neurotrans- 
mitter responsible for bladder contraction. Of the five known muscarinic subtypes 
(M1-M5), M3 appears to be the most clinically relevant in human bladder, since 
they mediate the cholinergic-induced contraction of the detrusor [10]. 
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Sympathetic outflow from the lumbar spinal cord provides relaxation of the blad- 
der wall and contraction of the internal urethral sphincter, which contribute to urine 
storage [12]. The peripheral sympathetic pathways follow a complex route that 
passes through the sympathetic chain ganglia to the inferior mesenteric ganglia and 
then through the hypogastric nerves to the pelvic ganglia. 

The external urethral sphincter motoneurons are located along the lateral border 
of the sacral ventral horn, commonly referred to as the Onuf’s nucleus [13]. 

The stimulation of stretch-sensitive receptors during the filling phase activates 
afferent pathways, informing the brain that the bladder is reaching capacity. There 
are two different types of bladder afferent pathways: the first type (A6-fibers, com- 
posed by myelinated axons), mechanosensitive, activated by intravesical pressures 
(non-nociceptive or nociceptive); the second type (C-fibers, composed by unmy- 
elinated axons), activated by cold, heat, or chemical irritation of the bladder mucosa 
[14]. During neuropathic conditions (spinal cord injury) and possibly inflammatory 
conditions, there is recruitment of C-fibers that form a new functional afferent path- 
way that can cause urgency incontinence and possibly bladder pain. The C-fibers 
signalling pathway can be blocked by some drugs (capsaicin, resiniferatoxin): this 
is the rationale for intravesical neurotoxin therapy of OAB [15]. 

Positron-emission tomography (PET) and functional magnetic resonance imag- 
ing (fMRI) studies that investigated which brain areas are involved in the regulation 
of micturition reveals that thalamus, insula, prefrontal cortex, anterior cingulate 
gyrus, periaqueductal gray (PAG), pons, medulla and supplementary motor area 
(SMA) are activated during urinary storage. There is a general consensus that blad- 
der control is modulated in an inhibitory fashion by the diencephalic and cerebral 
cortex functions, while the influence of the brainstem is facilitatory [16]. 

Input from the pons acts as “on-off” switches to shift the LUT between the two 
modes of storage and voiding [17]. The pontine micturition center (PMC, also 
known as Barrington’s nucleus or M-region, because of its medial location) is a 
pontine region involved in the supraspinal control of micturition: neurons in the 
PMC send descending excitatory projections to spinally located parasympathetic 
neurons controlling the detrusor muscle of the bladder and inhibitory interneurons 
regulating Onuf’s nucleus: this activation results in relaxation of external urethral 
sphincter and contraction of the bladder. Another region within the pontine located 
laterally has been identified as the pontine continence center (PCC or L-region, 
because of its lateral location), which has been suggested to suppress bladder con- 
traction and to regulate the striated urethral sphincter muscle activity during the 
storage phase. These two pontine regions may represent separate functional systems 
acting independently [18]. 

The suprapontine control of these regions is not clear at all, and involves many 
regions of the brain: cerebral cortex (medial frontal lobes) and basal ganglia are 
thought to suppress the micturition reflex; other regions (prefrontal cortex, insular 
cortex, anterior cingulate gyrus) are thought to be responsible for conscious sensa- 
tion, volition, and emotional response [16]. 

Damage to central inhibitory pathways in the brain and spinal cord or sensitiza- 
tion of peripheral afferent terminals in the bladder can unmask primitive voiding 
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reflexes that trigger DO. This can result from brain damage (multiple sclerosis, 
stroke, Parkinson’s disease), which can suppress suprapontine inhibition; in other 
circumstances, this can result from spinal cord damage (spinal cord injury, multiple 
sclerosis), which can induce the emergence of primitive spinal bladder reflexes trig- 
gered by C-fibers afferent neurons [19]. 

In rat cerebral infarction model, DO is mediated by NMDA glutamatergic and 
D2 dopaminergic excitatory mechanisms [20], suggesting that stroke may alter a 
balance between the facilitatory and inhibitory mechanisms that results in upregula- 
tion of an excitatory pathway and downregulation of a tonic inhibitory pathway. 

The most widely accepted theory of pathophysiology of DO in Parkinson’s dis- 
ease (PD) is that basal ganglia inhibits the micturition reflex in the normal situation 
via D1 receptors, and that cell loss in the substantia nigra in PD results in loss of 
D1-mediated inhibition and consequently DO [21, 22]. 

A spinal cord lesion above the lumbosacral level eliminates voluntary and supra- 
spinal control of micturition, leading to DO mediated by spinal reflex pathways, 
often associated with uncoordinated sphincter overactivity (detrusor-sphincter dys- 
synergia, DSD) and impairment or loss of bladder sensation [17]. 

In multiple sclerosis (MS), OAB is mainly due to spinal lesions, although there 
maybe contribution from cerebral lesions [14]. Demyelinating plaques of the white 
matter of the brain and spinal cord are the cause of neurological function impair- 
ment in MS, and thus, depending on the site of the lesions, different pathophysio- 
logical mechanisms may be involved in OAB in patients with this disease. 

In humans with spinal cord injury (SCI), DO is likely to be mediated by capsaicin- 
sensitive C-fibers afferents: this pathway, which normally is unresponsive to low 
intravesical pressures, become more mechanosensitive, leading to the develop- 
ment of DO. 

The mechanism underlying the increased mechanosensitivity of C-fibers maybe 
plasticity of the dorsal root ganglion cells supplying the bladder manifested by 
enlargement of these cells and increased electrical excitability [14]. Those findings 
support the application of capsaicin for the treatment of DO in patients with SCI. 

In addition, it has been demonstrated that patients with neurogenic DO due to 
SCI or MS have increased TRPV 1, P2X3 and pan-neuronal marker (PGP9.5) stain- 
ing in suburothelial nerves and increased TRPV1 staining in the basal layer of the 
urothelium [23]. TRPV1 (transient receptor potential vanilloid 1) is a calcium- 
permeable, nonselective channel, which has a prominent role in nociception. 
Treatment of neurogenic DO patients with intravesical capsaicin of resiniferatoxin 
[24], or injections into the bladder wall of botulinum neurotoxin type A [25] results 
in reduction of density of this receptor, with significant symptomatic improvement. 

Abnormality in non-adrenergic non-cholinergic (NANC) neurotransmission has 
also been addressed as a possible mechanism in OAB pathogenesis. In many animal 
species, bladder contraction is mediated not only by ACh, but also by NANC neu- 
rotransmitters (e.g., ATP). The role of NANC neurotransmission is less clear in 
normal human bladder, though an abnormal purinergic transmission has been dem- 
onstrated in patients with DO [26]. 
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1.4 Non-neurogenic Factors 
1.4.1 Myogenic Factor 


Evidences suggest that OAB could be related to altered structure or disordered func- 
tion of detrusor muscle, regardless of etiology [27, 28]. 

Specific structural changes in bladder wall have been found in patients with vari- 
ous form of non-neurogenic DO. In particular, myogenic changes in detrusor excit- 
ability seem to be the basis of DO associated with bladder outlet obstruction (BOO) 
[28]. BOO is often associated with detrusor hypertrophy and denervation [29, 30]. 
An increased tension and/or straining on bladder wall, as in BOO, has been associ- 
ated with important modifications of smooth muscle cells structure and functions 
(e.g., cytoskeletal and contractile proteins, mitochondrial function, enzymatic activ- 
ities) [31-33]. The thickening of bladder wall is also associated with changes in 
extracellular matrix, fibroblasts, and interstitial cells [34]. 

Another detrusor structural change associated with non-neurogenic DO is the 
so-called “patchy denervation,” an inhomogeneous detrusor denervation, which has 
been demonstrated in human specimens [35-37]. It has been proposed that patchy 
denervation, in addition to changes in the cell-to-cell junctions that mediate electri- 
cal coupling between cells (as described later), may alter the properties of smooth 
muscle, leading to increased detrusor excitability [38, 39]. Such changes in the 
unstable bladder make it better coupled electrically, which allows spontaneous elec- 
trical activity to spread and initiate synchronous contractions throughout the detru- 
sor, which explains the fused tetanic contractions seen in unstable bladder strips. 
This increased excitability and greater connectivity of the smooth muscle create foci 
of electrical activity that could propagate and generate an uninhibited contraction 
[38]. Moreover, denervation has been related to age, degree of obstruction or isch- 
emia induced by severe BOO or peripheral vascular disease [40]. 

As described above, the role of an anomalous electrical coupling between smooth 
muscle cells in patients with non-neurogenic DO is confirmed by some studies on 
intercellular gap-junctions and expression of connexin-43 (Cx43) [41-43]. 

In fact, at an ultrastructural level, the presence of protrusion junctions and ultra- 
close abutments between myocytes could lead to increased electrical coupling. 

Other molecular pathways could be involved in modulation of detrusor contrac- 
tility. For example, detrusor overactivity has been correlated with hyperactivity of 
RhoA. RhoA is a small GTPase protein which belongs to Rho-kinases family: this 
protein regulates a variety of cellular functions, included smooth muscle contrac- 
tion. As previously described, detrusor contraction is mediated predominantly by 
ACh, which activates M3 receptor on detrusor muscle. Activation of M3 receptors 
can activate a “calcium-dependent” contraction (mediated by opening of type-L 
calcium channels), but also a “calcium-independent” contraction (mediated by acti- 
vation of RhoA, which inactivates the myosin light-chain phosphatase). In animal 
models of non-neurogenic OAB has been demonstrated a hyperexpression of RhoA, 
opening a line of research on Rho-kinase inhibitor drugs [44—46]. 
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1.4.2 Urotheliogenic Factor 


Increasing evidence has suggested that the urothelium is not just a passive barrier, 
but is also a responsive structure capable of detecting thermal, mechanical and 
chemical stimuli. In fact, urothelium express numerous receptors, including those 
for ACh (nicotinic and muscarinic), norepinephrine (a and f), neuropeptides, 
purines (P2X, P2Y), vanilloids and mechanosensory receptors such as ENaC 
(sodium epithelial) and TRP (transient receptor potential) channels. Moreover, 
transmitters released by the urothelium (ATP, ACh, cAMP, prostanoids, NO, NGF, 
cytokines) may alter the excitability of afferent nerves and affect detrusor muscle 
contractility [47-49]. 

Urothelial-derived ATP release is induced by chemical stimuli or bladder disten- 
sion [50, 51]. Both P2X and P2Y purinergic receptors subtypes are expressed by 
urothelium: it is thought that these may be involved in autocrine and paracrine sig- 
nalling [52]. By acting on structures such as nerves and interstitial cells in the subu- 
rothelial layer, ATP is thought to trigger afferent signalling bladder fullness and pain 
and possibly even to activate the micturition reflex [53, 54]. Pathologically increased 
levels of urothelial-derived ATP in rats with SCI can be reduced on treatment with 
botulinum toxin [55]. It has also been suggested that antimuscarinic treatment is 
significantly correlated with a decrease in urinary ATP levels [56]. 

All five muscarinic subtypes are expressed by urothelium, with a specific local- 
ization of the M2 subtype to the umbrella cells and M1 to the basal layer, with M3 
receptors more generally distributed [57]. It has been demonstrated that a non- 
neuronal cholinergic system is present in human bladder, with an age-related and 
stretch-induced urothelial/suburothelial ACh release: those finding suggest that the 
non-neuronal cholinergic system may contribute to OAB pathophysiology [58]. 

Expression of the mechanosensitive ENaC is increased significantly in BOO and 
correlates with storage symptom scores [59]. The ENaC expressed in urothelium 
might be implicated in the mechanosensory transduction of bladder afferent path- 
ways, and the increase of afferent activity is one of the possible mechanisms for DO 
associated with BOO. 

It has been demonstrated an increased urothelial expression of TRPV 1 in patients 
with both neurogenic and non-neurogenic DO [60, 61]. As mentioned above, 
TRPV1 is involved in bladder sensory afferent pathway: this could be related to 
OAB symptoms improvement after administration of intravesical vanilloids (e.g., 
resineferatoxin) in patients with DO as well as with hypersensitivity disorders. 


1.4.3 Bladder Outlet Obstruction 


BOO can lead to DO through various mechanisms, some of which already been 
described above (e.g., cholinergic denervation of the detrusor and subsequent super- 
sensitivity to ACh). 

Furthermore, BOO could have an influence trough an increased production of 
nerve growth factor (NGF). NGF is a neurotrophic factor involved in the 
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development of the peripheral nervous system. There are evidences that NGF par- 
ticipates in neural plasticity in BOO model in rats [62]. Accordingly, increased 
bladder levels of NGF associated with BOO seem to be related to alteration in mem- 
brane conductance, and thus excitability of neurons [38]. 

The association between BOO and OAB could also be related to the activity of 
potassium channels. TREK-1 is a mechanosensitive potassium channel, which sta- 
bilizes detrusor myocyte membrane potential during bladder filling. TREK-1 may 
help the bladder wall to relax during filling to accommodate urine at low pressure. 
TREK-1 channel downregulation in detrusor myocytes is associated with OAB ina 
murine model of partial BOO [63]. 

Other studies have reported on the relationship between OAB and potassium 
channels. Phasic contractions of human detrusor are dependent on calcium entry 
through L-type calcium channels. Calcium-activated potassium channels (large 
conductance or BK(Ca) and small conductance or SK(Ca)) play a key role in the 
modulation of human detrusor smooth muscle phasic contractility [64]. The expres- 
sion of those channels is remarkably increased in BOO [65]. These observations 
support the concept that modulators of potassium channels may represent a poten- 
tial treatment of OAB. 


1.4.4 Bladder Ischemia 


Bladder ischemia can be consequence of various pathologic conditions (e.g., BPH, 
urethral stricture, DSD, peripheral vascular disease, diabetic neuropathy). Although 
the role of bladder ischemia in OAB pathogenesis is still unclear, the coexistence of 
neurologic factors and ischemia gives rise to DO with impaired contractility [66]. 


1.4.5 Inflammation 


NGF has been found to be elevated in the bladders and urine of patients with inter- 
stitial cystitis, and also in animal models of bladder inflammation [67]. On these 
findings is based the hypothesis that links bladder inflammation and neuroplasticity 
in sensory nerves [38]. 


1.4.6 Gender 


A number of reviews have suggested that OAB is more common in women than in 
men, and this condition seems to be more prevalent at times of changing hormonal 
levels in women [68]. This gender difference in the non-elderly population may be 
explained by hormonally induced differences in neurotransmitters systems, espe- 
cially 5-hydroxytryptamine (5-HT) [38]. Women may be predisposed to OAB in 
part because levels of 5-HT in the brain are substantially lower in women than in 
men [69]. On the grounds of reduced 5-HT in the CNS, there may be fewer 
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inhibitory mechanisms for autonomic events such as voiding, which can predispose 
women to OAB. 

Other mechanisms could explain the gender predisposition to OAB: for example, 
estrogen deficiency could be associated with increased detrusor contractility trough 
Rho-kinase pathway activation, increased ACh release, changes in urothelial affer- 
ent signalling, or increased connexin-43 expression [70, 71]. 

Another possible explanation for higher OAB prevalence in women is the asso- 
ciation of OAB with connective tissue laxity. The integral theory indicates that pel- 
vic organ prolapses and symptoms such as urge, frequency, nocturia, and pelvic 
pain are usually caused by connective tissue laxity in the vagina or its supporting 
ligaments [72]. According to this theory, laxity in the vaginal wall or suspensory 
ligaments may activate stretch receptors, which are perceived by the cortex as 
urgency, frequency, and nocturia untimely. These theoretical mechanisms still need 
to be verified. 


1.4.7 Psychological Factors 


There is growing evidence suggesting that psychological conditions (e.g., depres- 
sion, anxiety) may represent OAB risk factors, especially in women [73, 74]. These 
conditions seem to be associated with alteration of 5-HT pathway. 5-HT seems to 
have an important role in modulation of bladder afferents, volume thresholds, and 
bladder contraction [73, 75]. 5-HT depletion has been postulated as shared patho- 
physiological candidate for both anxiety/depression and OAB, as its role in affec- 
tive disorders is well established and several studies have demonstrated that lowering 
of 5-HT levels in the CNS are accompanied by urinary frequency and DO [76]. 
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Diagnosis of Overactive Bladder 2 


Elisabetta Costantini and Ester Illiano 


Overactive bladder is not a disease but the name for a group of symptoms, for this 
reason diagnosis is made primarily on the person’s signs and symptoms and by rul- 
ing out other possible causes. So the first diagnostic step is history and symptom 
assessment, followed by physical examination, laboratory and instrumental tests 
(Table 2.1). In non-neurologic patients the diagnostic process should exclude other 
disease that could determine the patient’s symptoms. 


2.1 The Initial Diagnostic Workup in the Uncomplicated 
OAB Patient 


2.1.1 History 


An accurate and careful medical history should evaluate the type, duration, bother, 
severity of urinary symptoms (Table 2.2). The interview should include a qualitative 
and quantitative assessment of urinary urgency, daytime voiding frequency, noctu- 
ria, and any urinary incontinence episodes [1]. 

Urgency is the cornerstone symptom of OAB and the OAB cannot be diagnosed 
in the absence of urgency [2]. Urgency must be differentiated from “urge.” Urge is 
a normal feeling experienced by healthy people, while “urgency,” is always patho- 
logical. In this case, the patient has the urge to urinate and must cope with the 
increasing in night and daytime frequency [2, 3]. Urinary frequency varies across 
individuals. In healthy adults, normal frequency consists of voiding every three to 
four hours with a median of approximately six voids a day [4, 5]. Nocturia must also 
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Table 2.1 The diagnostic History 
approach (the first line) 


Physical examination 


Urinalysis 


Urine culture 
Voiding diaries 


Pad testing 


Symptoms questionnaires and score 


Table 2.2 Relevant elements “+ Age 


of history e Duration of symptoms 


_* Severity of symptoms 


e Degree of bother on quality of life 


e Association with other voiding and storage 
symptoms 
e Fluid intake 
Lifestyle characteristics 


e Obstetrical/gynecological history 


e Prior surgery 


Pelvic radiation 


e Neurological disease 


e Prior therapy 


_* Comorbidity 


be well investigated. It may also be present as part of other conditions which may or 
may not be directly related to the urinary tract, for example, heart failure or 
sleep apnea. 

Bladder function is related also to amount and type of fluid intake. Excessive 
fluid intake can produce a pattern that mimics OAB symptoms. For this reason, it 
could be useful to investigate on how many times they void each day and how many 
times they void at night and their habits, which and how much fluids are taken per 
day [4]. There are fluids (coffee, tea alcohol, and carbonated and/or artificially 
sweetened beverages) that cause irritative bladder symptoms [6]. In OAB syndrome, 
the inter-void interval is decreased and the voided volume per micturition is reduced. 
The sensation of urgency varies between individuals and circumstances, such as 
waking, rising, running water, cold weather, or worry. It also differs with the spe- 
cific situation, such as whether toilets are available or not [5]. 

It is useful to specify the type of urinary incontinence with simple questions as 
“When the urine leak occurs? During an effort? Fails to get to the bathroom? and in 
case of mixed urinary incontinence one should ask which form of incontinence has 
the worst impact on the quality of daily life. 

Proportion of urinary symptoms and related discomfort depend on the definition 
given to the symptom. Irwin et al. using data of EPIC study, showed that the propor- 
tion of the OAB population reporting urinary symptoms and their perception 
depended largely on the definition used [7]. In according to ICS definition 31% of 
men and 25% of women had frequency (perception of urinating too often during the 
daytime) compared with 12% of men and 19% of women who reported frequency 
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in according to EPIC questions (daytime voiding frequencies of more than eight). 
Based on the ICS defined frequency 46% of men and 66% of women also responded 
that they were bothered by frequent urination; while of these with OAB and EPIC 
defined frequency 53% of men and 53% of women were bothered by this symptom 
[7]. The perception of daytime frequency rather than a specific number might be a 
more clinically relevant measure of abnormal daytime urinary frequency, because 
perception includes many factors as urinary urgency and bother that affect fre- 
quency. Among patients with OAB symptoms, in according to ICS 75% of men and 
74% of women had nocturia (it was defined as one or more voids/night), while 42% 
of men and 41% of women had nocturia defined as two or more voids/night. The 
discomfort increased with the increase in the number of episodes of nocturia per 
night [7]. The EPIC study showed also that in both sexes the typical symptoms of 
OAB are often accompanied by voiding and post micturition symptoms [8]. In par- 
ticular 59% of women with OAB symptoms reported also voiding and/or postmic- 
turition symptoms [8]; 21.3% of men with OAB symptoms reported voiding plus 
storage symptoms, and 12.2% reported post micturition plus storage symptoms [9, 
10]. Terminal dribble (36.9%) and the sensation of incomplete emptying (36.9%) 
were the most frequently reported voiding and post micturition symptoms [10]. 
Symptom bother significantly increased with the number of LUTS reported. Men 
with benign prostatic hyperplasia (BPH) may have typical OAB storage symptoms, 
especially in advanced stage, as well as women with pelvic organ prolapse (POP). 
However, both groups of patients might be useful also have voiding symptoms as 
hesitancy, intermittency, and a sensation of incomplete voiding [11]. Table 2.3 
showed the probable questions to ask to better specify urinary symptoms. 


Table 2.3 Example of questions to ask during the history to identify the urinary symptoms 


e Must you run to go to the bathroom when you have the urgency? 


e At night do you wake up with the urge to urinate? 


e During the day how often do you go to the bathroom? 
e When the urine leak occurs? During an effort? fails to get to the bathroom? 


e Have you ever seen blood in the urine? 


_* Do you have a delay in initiating voiding (when you are ready to pass urine)? 


e Do you have the need to make an intensive effort to either initiate, maintain, or improve 
voiding or the urinary stream? 


e Do you have an urinary stream perceived as overall slower than previous performance, or in 
comparison with others? 


e Do you have a urine flow that stops and starts on one or more occasions during one voiding 
episode? 


e Do you have noticeable slowing of the flow to drops or a trickling stream, during the final 
part of voiding? 


“*Do you have to adopt specific positions to be able to void spontaneously or to improve 
bladder emptying? 


. e Do you have pain, burning, other discomfort, or difficulty during voiding? 


e Do you have the feeling of voiding which is slow, difficult, and spasmodic usually associated 
with pain? 


. e Do you have the feeling that the bladder does not feel empty? 


e Do you have suprapubic or retropubic pain, pressure or discomfort related to the bladder, and 
usually associated with bladder filling? 
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Other concomitant symptoms or “red flags” should be excluded as bladder or 
urethral pain, hematuria, probable expression of other pathologies; or a history of 
recurrent urinary tract infection (UTI), pelvic surgery or radiotherapy, constant 
leakage suggesting a fistula, voiding difficulty or suspected neurological disease 
[12]. Urgency, frequency, and nocturia are rarely present in bladder cancer/carci- 
noma in situ; these symptoms generally occur in the setting of microhematuria. The 
UTI in addition to the typical symptoms of OAB they are characterized by dysuria 
and sometimes hematuria; they are not features of OAB [12]. Furthermore, the UTI 
symptoms are generally acute, whereas those of OAB are generally chronic [13, 
14]. In some patients, pelvic pain or pain related to urination may occur in addition 
to the typical symptoms of OAB. These symptoms should lead the urologist to make 
a differential diagnosis between bladder pain syndrome, and UTI even with labora- 
tory tests [15]. In this clinical condition, the OAB is an integral part of the clinical 
picture, but it is not the cause [9, 10], and the storage symptoms are not the 
main ones. 

The pharmacological history is important to identify any drugs (particularly 
diuretics) that could increase the frequency and may cause urinary urgency and 
incontinence [16]. Urinary frequency and urinary urgency were reported by 81% 
and 74% of diuretic patients respectively; while by 55% and 57% of no-diuretic 
patients respectively. In these patients, urinary frequency and urgency may lead to 
urgency incontinence (OR = 2.54; 95% CI = 1.09-5.91) [16] particularly among 
older adults with low mobility. This phenomenon is determined above all by loop 
diuretic [17]. It would be helpful to ask when diuretics are taken. Although, taking 
loop diuretics in early afternoon can improve frequency and urgency in mid- 
afternoon, and taking them at night might interfere with sleep and consequently 
increase nocturia [16]. Any previous treatment for OAB should be investigated to 
determine if it is a naive OAB or not, and then to conduct subsequent diagnostic and 
therapeutic choices. 


2.1.2 Physical Examination 


A careful abdominal exam should be performed to assess for scars, masses, and 
suprapubic areas distension that may indicate urinary retention. The evaluation of 
lower extremities could be useful to exclude edema, that possibly is created for fluid 
shifts during periods of postural changes [18]. Women should be evaluated with a 
vaginal exam to assess the degree of vaginal mucosal estrogenization, to rule out 
pelvic floor disorders (pain, pelvic organ prolapse pelvic floor muscle spasticity) 
and with cough test (with full bladder) to demonstrate stress incontinence. A rectal 
exam should be performed in males to evaluate the characteristics of the prostate, 
and to rule out prostatic pathology. In menopausal females, should be excluded the 
atrophic vaginitis as a possible cause of urinary incontinence. The examiner also 
should assess perineal skin (rash), perineal sensation, anal sphincter tone, bulbocav- 
ernosus reflex and ability to contract the levator ani muscles in order to evaluate 
pelvic floor tone and ability to perform pelvic floor exercises [18]. 


2 Diagnosis of Overactive Bladder 17 


2.1.3 Urinalysis and Urine Culture 


Urinary incontinence may occur during symptomatic UTI (LE 3) [18] and the pres- 
ence of a symptomatic UTI worsens symptoms of urinary incontinence (LE 3). 
Therefore an urinalysis is the initial laboratory evaluation of urinary urgency, 
increased daytime frequency and other irritative voiding symptoms (Strength rat- 
ing: strong) [18]. A urine culture should be performed only if nitrites or leukocyte 
esterase are present in the urinalysis or in case of a clinical suspicion of a UTI. If a 
urinary infection is diagnosed, it should be treated appropriately and the patient 
should be queried regarding symptoms once the infection has been resolved 
(Strength rating: strong) [18]. The presence of microhematuria on urinalysis and in 
the absence of a probable benign etiology should be associated with additional test- 
ing as cystoscopy and urinary tract imaging [18]. 


2.1.4 Voiding Diaries and Pad Testing 


Measurement of the frequency and severity of urinary symptoms is important in the 
evaluation of any lower urinary tract dysfunction, including OAB both wet and dry. 
In addition, voided volume measurement can be used to support the differential 
diagnosis between nocturnal polyuria and nocturia, between polyuria and 
OAB. Voiding diary in fact is a semi-objective method of quantifying symptoms, 
such as urgency, frequency, nocturia and urinary incontinence episodes. The mictu- 
rition time charts allow you to objectify what the patient reports during the history. 
Sometimes there may be a discrepancy between what the patients consider normal 
range and what is instead pathological or not. It can be useful in patient counseling. 

It includes information on times of voiding, voided volumes, fluid intake, incon- 
tinence episodes, pad usage, degree of urgency recorded for at least 24 h. It should 
be used for at least 3 day (Strength rating: strong) [18]. Many studies have demon- 
strated a close correlation between data obtained from bladder diaries and standard 
symptom evaluation [19, 20]. 

In case of severe OAB wet in a report of 24-h urine output, the voided volume 
may be lower than total bladder capacity. In this case 24-h pad weights could pro- 
vide useful information regarding the severity of urinary incontinence. Twenty-four 
hours is sufficient duration for home-testing balancing diagnostic accuracy and 
adherence (LE:2) [18] The evaluation of severity of symptoms it is done by count- 
ing the number of pads used each day and their weight. However, it cannot use when 
quantification of urinary incontinence is required [18]. 

De Wachter et al. evidenced that a bladder diary with a self-reported of urinary 
perception can be a clinically powerful tool for patient self-assessment of urinary 
sensory function, especially when the voiding diary can provide also the degree of 
urgency perception at every single void [19]. 

Other tools comparable to the bladder diary could be used more easily even by 
older patients. Homma showed that after treatment of OAB with Solifenacin, the 
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voiding diary recorded the improvement of urinary symptoms as well as the 
Overactive Bladder Symptom Score questionnaire [20]. 


2.1.5 Symptom Questionnaires and Scores 


The history is a good investigative tool, however sometimes it is not capable of giv- 
ing the necessary information, for many problems, including missed questions, 
leading by the questioner, or difficulty of quantification. An excellent aid in the 
quantitative and qualitative evaluation of the urinary symptoms is given by symp- 
tom questionnaires. Many questionnaires are now available for evaluating symptom 
severity and/or degree of bother associated with OAB. 

The OAB questionnaire (OAB-q) is divided in two part: eight-item Symptom 
Bother scale and a 25-item QOL scale with four domains (concern, coping, sleep, 
and social interaction) [21]. There are also an OAB-q Short-Form and OAB-V8 
(frequent urination during daytime, uncomfortable urge, sudden urge, accidental 
loss of a small amount of urine, night-time urination, waking up at night, uncontrol- 
lable urge, and urine loss associated with strong urge) [22] and OAB V3 (daytime 
frequency, urgency, and urgency incontinence) [23]. The Overactive Bladder 
Symptom Score (OABSS) is a score composed of four symptom scores on OAB 
symptoms [24]. International Prostate Symptom Score (IPSS) QOL Index [25], the 
Bristol Female Lower Urinary Tract Symptoms questionnaire [26] or Core Lower 
Urinary Symptom Score (CLSS) [27] also are used for OAB symptom assessment. 
Some of them focus solely on symptom bother, or on a combination of a score of 
symptom and symptom bother. However, the evaluations are different; in fact symp- 
tom bother is more relevant to patient’s subjective aspects, while symptoms are 
more pertinent to underlying pathophysiology. They should be evaluated separately 
by different assessment tools. Many questionnaires (Table 2.4) and scales (Table 2.5) 
have been developed to evaluate in particular urinary urgency, helping physicians to 
choose therapy according to severity described by the patient. 


2.2 The Diagnostic Workup in the Complicated OAB Patient 


In complicated patients or refractory patients who have failed multiple OAB treat- 
ments the diagnostic workup should include renal and bladder ultrasound, urody- 
namics, and cystoscopy (Table 2.6). 

The diagnostic tests depend on patient history and clinical presentation (Figs. 2.1 
and 2.2). 


2.2.1 Cystoscopy 


In case of hematuria associated with urgency and other storage symptoms, urine 
cytology and abdominal ultrasound may be useful to exclude other causes such as 
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Table 2.4 The Overactive Bladder Symptom Score (OABSS) 
Items Response Score 
1. How many times do you typically urinate from waking in the | <7 0 
morning until sleeping at night? 8-14 1 
215 2 
2. How many times do you typically wake up to urinate from 0 0 
sleeping at night until waking in the morning? 1 1 
2 2 
23 3 
3. How often do you have a sudden desire to urinate, which is None 0 
difficult to defer? <once/week 1 
>once/week 2 
about once/day 3 
2-4 times/day 4 
>5times/day 5 
4. How often do you leak urine because you cannot defer the None 0 
sudden desire to urinate? <once/week 1 
>once/week 2 
about once/day 3 
2-4 times/day 4 
>5times/day 5 
Table 2.5 Questionnaires to evaluate urinary urgency 
Questionnaire Aim of tool Items GR 
UPS (Urgency Perception Score) | Grading the urgency to void and 5 B 
assessing the reason why individuals 
usually void 
UQ (Urgency Questionnaire) Severity of urgency and urge 15+ 10 B 
incontinence VAS 
Impact of urgency and urge 
incontinence on the quality of life 
Discomfort of urgency with VAS 
scale 
USIQ-QoL (Urgency Severity Impact of urgency on the quality of 8 B 
and Life Impact Questionnaire- | life 
Quality of life) 
USIQ-S (Urgency Severity and Severity of urgency 5 B 
Life Impact Questionnaire: 
Severity Symptoms) 
UU Scale Monitoring efficacy treatment 10 B 


Table 2.6 The diagnostic 
approach (the second-line) 


Cystoscopy 


Ultrasound 


Uroflowmetry 


Urodynamic test 
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Fig. 2.1 Flow chart in case of urgency and hematuria 


Clinical 
examination 


Fig. 2.2 Flow chart in case of urgency and pain 
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bladder cancer. If urine cytology is positive and abdominal ultrasound is doubtful, a 
cystoscopy should be performed. In case of negative urine cytology, the bladder 
ultrasound could exclude urolithiasis. 

Cystoscopy could also be useful in the case of OAB symptoms associated with 
pelvic pain, to exclude bladder pain syndrome. 

The presence of urgency, frequency, nocturia, suprapubic or urethral pain, and 
sometimes hematuria, in women who underwent previous anti-incontinence or pel- 
vic organ prolapse surgery with mesh, should suggest excluding mesh exposure or 
extrusion. In this case, a cystoscopy is mandatory in order to better explore the 
urethra and the bladder. 


2.2.2 Urinary Tract Ultrasound 


Urinary tract ultrasound should not be performed in the initial diagnostic work up. 
However, after excluding “red flags” the ultrasound could be useful to assess the 
degree of bladder dysfunction at the time of the diagnosis of OAB and then later for 
its follow up. 

The overactive bladder syndrome could lead to an increase of the bladder wall 
thickness; it is secondary to hypertrophy of the detrusor muscle that is caused by 
repetitive involuntary contractions of the muscle against a closed sphincter [28, 29] 
Nevertheless, in according to EAU guidelines there is no consistent evidence that 
detrusor wall thickness measurement is useful in the management of urinary tract 
incontinence (LE3). 

Mean bladder wall thickness is higher in women with OAB, and mixed urinary 
incontinence compared to women with stress urinary incontinence [30]. It is corre- 
lated with severity of urinary symptoms. Women with high daytime (<7) and night- 
time (>1) frequency have a higher mean bladder wall thickness than those with a 
daytime frequency of less than 7 or with a night time frequency of less than 1 
(P < 0.001) [30]. Bladder wall thickness is greater (>5 mm) also in women with 
high VAS scores for urgency [30], showing that there is a trend of increasing urgency 
severity being associated with increasing mean bladder wall thickness. 

Although measuring the bladder wall thickness is not useful to reach a diagnosis, 
it could be used to follow the patient over time and correlate the clinical picture to 
the degree of bladder dysfunction with a non-invasive and easily repeatable tool. 


2.2.3 Uroflowmetry 


It is not necessary for uncomplicated patients (i.e., patients without a history of or 
risk factors for urinary retention) to receive anti-muscarinic or B3 agonist medica- 
tions. Nevertheless, the uroflowmetry should be assessed in patients with voiding 
symptoms, history of incontinence or prostatic surgery, neurologic diagnoses 
(Strength rating: strong) [18]. In these patients, in fact, the post-void residual urine 
(PVR) assessment is necessary to optimize care and minimize potential risks 
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(Strength rating: strong) [18]. In fact, in case of obstruction and therefore PVR, you 
could decide to use 63 agonist medications instead of anti-muscarinic drugs. The 
suprapubic ultrasound measurement of PVR is preferable to catheterization 
(Strength rating: strong). The voiding residual volume is calculated using the equa- 
tion: volume = length x width x height x 0.52 [31]. The bladder is measured at its 
maximal transverse (width), longitudinal (length), and anterior-posterior (height) 
diameters. This method is recommended as the standard calculation because it is 
fast and easy [31]. Unfortunately, there is a lack of consensus about what constitutes 
a significantly elevated post-void residual volume, and there is conflicting data. 


e Adults [32]. 
Less than 50 mL PVR is adequate bladder emptying. 
Over 200 mL PVR indicates inadequate emptying 
e Children [33-35]. 
More than 20 mL PVR is considered abnormal 
e Elderly [36-38] 
50-100 mL PVR is considered normal. 
e Other [39]. 
PVR over 500 mL with other neurological findings appears to be highly predic- 
tive of cauda equina syndrome. 


In reality, the PVR should be evaluated taking into account many factors, such as 
the pre-urinary bladder volume, the clinical surgery and pharmacological history, 
physical exam, and psychological factors related to the examination. 


2.2.4 Urodynamic Test 


Urodynamic examination is not a first-line test in OAB diagnosis [18]. However, the 
diagnosis of detrusor overactivity (DO), defined by involuntary spontaneous or pro- 
voked detrusor contractions during the filling phase [40], might be important before 
initiating therapy for OAB because it can be predictive of the response to therapy 
[41]. On the other hand, the diagnosis of OAB does not require urodynamic confir- 
mation of DO. 

The overactive bladder is a clinical diagnosis, while DO is a urodynamic obser- 
vation. Van Brummen et al. [42] found that there is an association between OAB 
symptoms and urodynamic parameters and the bladder diary. Mohammed 
A. Al-Ghazo [43] showed that 76.1% of male and 58.7% of female patients with 
OAB has DO; 44.9% of male patients with DO were OAB wet, while 10.7% of 
patients without DO has OAB wet. In female patients, 68.5% have DO and OAB 
wet, whereas 42.1% has OAB wet but not DO. Also 63% of men and 61.3% of 
women with OAB dry have DO, while 93% of men and 69.8% of women have OAB 
wet and DO [43]. In both sexes, urgency is not associated with DO. In male patient 
only urinary incontinence is significantly correlated with DO and lower bladder 
sensation volumes, while in women, nocturia and incontinence [43]. Lee et al. [44] 
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instead, showed that the rates of DO are higher in patients with OAB when com- 
pared to patients without OAB. Infact Heslington and Hilton found DO in only 18% 
patients without OAB [45]. Ilias et al. [46] identified that the cystometric capacity, 
compliance, and the volume for first IDC has a statistically significant negative cor- 
relation with the 24 h urgency episodes. Low compliance might be correlated with 
reduced coping mechanisms, and therefore, associated with severity of the clinical 
picture. There is a significant positive correlation between the amplitude of first IDC 
and the OAB severity [46]. Guaralnick et al. [47] showed that the patients with OAB 
and DO are older, and have more incontinent episodes, and early strong desire. 
Flisser and Blaivas [48] underlined the importance of urodynamic testing to assess 
the underlying pathophysiology of OAB syndrome before treatment. In 47.9% of 
patients OAB symptoms are associated with voiding symptoms, and 27% has evi- 
dence of bladder outlet obstruction (BOO) (PaeQmax > 20 cm of water and 
Qmax < 15 mL/s) [49]. Possible causes of BOO include bladder neck dysfunction, 
voiding dysfunction, urethral stricture, or poor pelvic muscle relaxation. Therefore, 
the urodynamic test should be considered in the presence of refractory or complex 
symptoms [18]. 
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Treatment Options in Patients 3 
with Overactive Bladder: Initial 
and Pharmacological Management 


Matteo Balzarro and Alessandro Antonelli 


Abbreviations 


ACh Acetylcholine 

BOO Bladder outlet obstruction 
BPH Benign prostate hypertrophy 
CNS Central nervous system 

DO Detrusor overactivity 

LUTS Lower urinary tract symptoms 
MUI Mixed urinary incontinence 
OAB Overactive bladder syndrome 
QOL Quality of life 

SUI Stress urinary incontinence 
UI Urinary incontinence 

UUI Urgency urinary incontinence 


3.1 Introduction 


According to International Continence Society definition, overactive bladder syn- 
drome (OAB) is a set of signs and symptoms including urinary urgency, usually 
accompanied by increased urinary frequency and nocturia, with or without urgency 
urinary incontinence, in the absence of urinary tract infection or other obvious 
pathology. The urodynamic characteristic of OAB is detrusor overactivity, but it 


M. Balzarro (È<) - A. Antonelli 
Department of Urology, Azienda Ospedaliera Universitaria Integrata di Verona, Verona, Italy 
e-mail: Matteo.balzarro @aovr.veneto.it; alessandro.antonelli @ aovr.veneto.it 


© Springer Nature Switzerland AG 2021 27 
M. Balzarro, V. Li Marzi (eds.), Non-Neurogenic Bladder Dysfunctions, 

Urodynamics, Neurourology and Pelvic Floor Dysfunctions, 
https://doi.org/10.1007/978-3-030-57393-5_3 


28 M. Balzarro and A. Antonelli 


may not be correlated with the clinic. OAB interferes negatively with the QOL 
going to limit the daily activity, sexuality, quality of sleep, and mental health [1, 2]. 

Despite the clear boundaries of the clinical presentation and the pathognomonic 
urodynamic findings, the initial management of OAB can be extremely challenging, 
both for diagnosis and treatment. Both females and males may be affected, with 
similar incidence but with differences in the prevalence of various symptoms within 
the OAB complex. The most commonly reported symptom in both genders is uri- 
nary frequency. Urge incontinence is more common in women than in men, while 
males may have a coexisting condition between benign prostate hypertrophy (BPH)/ 
bladder outlet obstruction (BOO) and OAB worsening the level of bother and qual- 
ity of life. Anatomical and physiological differences in the lower urinary tract of 
males and females may help to explain these variations [3]. 

Assessment of LUTS should take into account the possible coexistence of BOO, 
and treatment should be tailored to address both. This concerns males with BPH, 
but also females who have BOO by pelvic organ prolapse. Furthermore, the frailties 
of patients who would like to improve the symptoms of OAB should be considered 
as all drugs with oral administration have undesirable effects that can worsen the 
comorbidities of patients. Finally, in patients with OAB associated to different 
typology of incontinence clinicians are likely to wish to treat the most bothersome 
symptom first. 


3.2 Initial Management of Overactive Bladder 


Once OAB is diagnosed, the initial management should start with counselling in 
order to increase the consciousness of the disease by the patient and facilitate life- 
style changing, if needed. 

This should explain to the patient what OAB is and the conditions that may it 
worsening like cold temperatures, high liquid intake, stress. The patient him/herself 
often reports some situations in which OAB symptoms worsen, and this for the 
clinician can be an important element both to understand the clinical condition of 
the patient, and to help him with useful tips to reduce the impact of the OAB on the 
QOL. To counsel aims also to explain lifestyle interventions and therapies, and their 
duration over time. 


3.2.1 Lifestyle Modification 


Currently no lifestyle modification intervention has been identified effective in pre- 
vention of OAB [4]. Weight loss should be recommended to obese and overweight 
women with OAB and UI (OAB-wet) to reduce UI episodes [4]. Wyman et al., 
found a significant reduction on urinary frequency at 12 weeks of abstinence from 
smoking [5]. Considering coughing one of the major causes of involuntary leaks of 
urine in mixed urinary incontinence (MUTI) it is suggested to stop smoking to reduce 
urine losses if present. 
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Dietary modifications may have effects on UI. Caffeine consumption is likely to 
play a role in exacerbating urinary urgency, frequency, and incontinence [6, 7]. The 
role in OAB of carbonated drinks, artificial sweeteners, and alcohol has been inves- 
tigated and findings are contradictory. However, in severe OAB or in cases of abuse 
of such foods it is recommended to try to reduce these substances and check the 
effect on the OAB [7]. The reduction of fluid intake is a strategy commonly reported 
by OAB patients. Data on decreasing fluid volume showed this intervention as a 
significant positive strategy to impact on quality of life in patients with OAB and 
with stress incontinence [6-8]. 

Bladder training is a program designed to educate the patient to increase the time 
interval between one urination and another. The objectives of this re-education as 
well as changing the patient’s micturition habit are also improve control over blad- 
der urgency, prolong voiding intervals, increase bladder capacity, reduce inconti- 
nent episodes, and restore patient confidence in controlling bladder function. There 
are several bladder-training programs and there is no evidence to suggest which is 
the most effective method [4]. Bladder training may be very useful to change wrong, 
but now consolidated, voiding habits. 


3.3 Pharmacological Treatment of Overactive 
Bladder Symptoms 


The first drug used specifically to reduce the symptoms of OAB was oxybutynin. 
Many studies show the effectiveness and the side effects of this antimuscarinic drug. 
For this reason, after placebo, oxybutynin is the most used molecule in comparative 
studies with newer molecules. Many antimuscarinics have been developed, studied, 
and introduced into the market. 

The main drawback of oxybutynin is the profile of adverse effects, with the intro- 
duction of new anticholinergics with fewer side effects has led to the production of 
slow-release drugs, and with the advantage of having a single daily administration. 
In this contest to improve efficacy and reduce side effects the introduction of a new 
category of drug, the B-adrenoceptor agonists, has allowed access to oral treatment 
even for those patients who could not use anticholinergics. Finally, another category 
of drugs used off-label for OAB was antidepressants. 


3.3.1 Antimuscarinics Drugs 


Antimuscarinic, also called anticholinergics, is the oldest group of drugs used to treat 
OAB. They differ in their pharmacological profile, in their pharmacokinetic proper- 
ties, and in their formulation. The most accepted model is that antimuscarinics block 
the release of acetylcholine (ACh) on activated cholinergic (parasympathetic) nerves 
of the bladder on the detrusor muscle. This affects the storage phase increasing blad- 
der capacity and thus decreasing urgency. However, antimuscarinics block affects 
also the void phase decreasing the ability of the detrusor fibers to contract. 
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Table 3.1 Pharmacologic properties of antimuscarinics 


Tertiary amines e Atropine | e Well absorbed from the gastrointestinal tract 
e Darifenacin e Theoretically be able to pass into the CNS 
| e Fesoterodine | e High lipophilicity 
e Oxybutynin |° Small molecular size 
e Propiverine 


e Solifenacin 
e Tolterodine 


Quaternary amines ic Propantheline Te Not well absorbed from the gastrointestinal tract — 
e Trospium e Passage into the CNS has a limited extent with 
| low incidence of CNS side effects 


Muscarinic receptors are located in several anatomic areas of the human body, 
with the consequence that the use of antimuscarinics drugs produces well-known 
side effects such as blurred vision due to accommodation paralysis, constipation, 
increase of heart rate, dryness of mouth, and cognitive dysfunction. Antimuscarinics 
block may be more or less selective, and depends on the kind of antimuscarinic 
agent [9]. Moreover, in some clinical conditions (i.e., untreated narrow angle glau- 
coma) the use of antimuscarinic drugs can lead to worsening of some diseases. The 
finding that a high number of muscarinic receptors are in the bladder parasympa- 
thetic nerves as well as in bladder urothelium cells may open new therapy strategies 
in the future [10]. 

Antimuscarinics may be divided in to two kinds of amines with different charac- 
teristics (Table 3.1). Many antimuscarinics are metabolized by the P450 enzyme 
system, thus there is a risk for drug-drug interactions resulting in either reduced or 
increased plasma concentration/effects of the antimuscarinics and/or other drugs 
[11]. In this text book, we will argue only the drugs used for treatment of OAB/ 
detrusor overactivity (DO) avoiding description of anticholinergics whose use is 
precluded. 


3.3.1.1 Darifenacin Hydrobromide 

Darifenacin is extensively metabolized in the liver by cytochrome P450 isoforms 
CYP3A4 and CYP2D6 in darifenacin metabolites, of which UK-148,993 has sig- 
nificant antimuscarinic activity [12]. The coadministration of ketoconazole may 
lead to an increase concentration of darifenacin [13]. 

Darifenacin allows once-daily dosing due to its controlled-release formulation, 
recommended dosages are 7.5 mg and 15 mg per day. The clinical effectiveness has 
been documented in several data [14, 15]. Confirming a favorable efficacy, tolerabil- 
ity, and safety profile [16]. Comparing darifenacin 7.5 and 15 mg to placebo data 
showed significant improvement in micturition frequency, and number of inconti- 
nence episodes with the use of darifenacin as early as 6-8 days [17]. Most common 
adverse events are mild to moderate dry mouth and constipation. Darifenacin 7.5 
and 15 mg respectively affected constipation in 14.8% and 21.3% of patients. 
Darifenacin seems to be safe for the cardiovascular system because it does not pro- 
long the QT/QTc interval, and does not change heart rate [18]. Several clinical 
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studies investigated the potential effect of darifenacin on cognition not finding an 
effect of the molecule on the central nervous system (CNS) [19]. Both CNS and 
cardiac effects are comparable to placebo [18, 19]. 


3.3.1.2 Fesoterodine Fumarate 

Fesoterodine is converted to the active metabolite 5-hydroxymethyltolterodine that 
is also the major active metabolite of another anticholinergic drug, the tolterodine 
tartrate. 5-hydroxymethyltolterodine is a non-subtype selective muscarinic receptor 
antagonist [20]. A significant part of the 5-hydroxymethyltolterodine is excreted by 
kidneys with >15% of the administered fesoterodine dose with a possible work also 
from the luminal side of the bladder [21]. Peak plasma concentration is reached at 
5 h following oral administration and has a half-life of 7-9 h [22]. The clinical effi- 
cacy and tolerability have been documented in several studies [23, 24]. Both the 
available dosages, 4 and 8 mg, are effective in improving symptoms of 
OAB. However, 8 mg has shown to have a greater effect on OAB symptoms but also 
higher rate of dry mouth. Comparing fesoterodine 8 mg, 4 mg and placebo the rates 
of dry mouth were 26.1%, 12.9%, and 3.4%, respectively; while constipation rates 
were 4%,1.5%, and 1.8%, respectively [24]. The effects of tolterodine on the CNS 
have been indirectly studied documenting how this drug was well tolerated in 
elderly population [25]. Fesoterodine is not associated with QTc prolongation or 
other ECG abnormalities. 


3.3.1.3 Imidafenacin 

Imidafenacin is an antimuscarinic drug with higher affinity for M, and M; receptors 
than for M, receptors. The drug acts blocking both detrusor contraction and Ach 
release [26]. Imidafenacin is well absorbed by gastrointestinal tract with maximum 
plasma concentration occurring 1-3 h after oral administration [27]. The major 
enzymes responsible for the metabolism of the drug are CYP3A4 and UGT1A4, 
however there is no inhibitory effect on the CYP-mediated metabolism of concomi- 
tant drugs [28]. Subjective efficacy has been reported 3 days after the first adminis- 
tration with a plateau within 2 weeks [29]. A significant efficacy of the drug in terms 
of reduction in urgency episodes (—70.5%), voiding frequency (—2.3%), urgency 
incontinence episodes (—84.2%) is well known [30]. The incidence of dry mouth 
increases dose-dependently. For placebo and imidafenacin smaller doses 
(0.1-0.2 mg/day) there were rates not exceeding 1%, while for the 0.5 mg/day of 
imidafenacin the rate of dry mouth increases to 8.9% [31]. It has been reported a 
mild cognitive impairment to dementia in 3.6% [32]. This drug is not yet widely 
available in the western countries. 


3.3.1.4 Propantheline Bromide 

Propantheline Bromide is a nonselective for muscarinic receptors subtypes quater- 
nary ammonium compound. It has a low (5—10%) and individually variable biologi- 
cal availability. Moreover, it has a short half-life (<2 h) with inactive metabolites. It 
is usually given a dose of 15-30 mg dour times daily, but individual titration of the 
dose is usually necessary. All these characteristics do not help this drug to be one of 
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the best molecules in the treatment of OAB symptoms. Data on propantheline are 
old, and confirm a positive but varying response to the drug [33]. 


3.3.1.5 Solifenacin Succinate 

Solifenacin succinate is a tertiary amine well absorbed from the gastrointestinal 
tract with 90% of bioavailability. The mean terminal half-life is 45-68 h. It has a 
metabolization by CYP3A4, therefore in case of concomitant ketoconazole admin- 
istration both the drugs have an increase about 50% [34]. It has modest selectivity 
for M; over M, and M, receptors [35]. Several data show good results on OAB 
symptoms with a significantly reduction on mean micturition/24 h—20% with 
10 mg solifenacin, and—17% with solifenacin 5 mg. Incidence of dry mouth were 
0.7-14% with solifenacin 5 mg, and 5.7—21.3% with 10 mg [36, 37]. Solifenacin 
showed significant greater efficacy to tolterodine in decreasing urgency episodes 
(—2.85 vs. —2.42), urgency incontinence (—1.42 vs. —0.83) [38, 39]. However, 
adverse events were greater dry mouth and constipation solifenacin 6.4% vs. 2.5 
tolterodine. Solifenacin 10 mg was more effective than 5 mg, however dry mouth 
rates (5.7% vs. 0.7% respectively) were more common [37]. The efficacy and toler- 
ability of solifenacin in elderly patients has been documented in several studies [40, 
41]. Data on the effect of solifenacin on central nervous system showed no impair- 
ment on cognitive functions [40, 41]. However, these data are based on low sample 
sizes. Solifenacin 10 mg has a prolonging effect of 2 ms, —3.6 on QT. However, it 
has an acceptable cardiac safety profile for use in the general population [42]. 


3.3.1.6 Tolterodine Tartrate 

Tolterodine is a tertiary amine with no selectivity for muscarinic receptor subtypes, 
metabolized by the cytochrome P450 system (CYP 2D6). The major active metabo- 
lite is 5-hydroxymethy] (5-HMT) [43]. Plasma half-life of tolterodine and 5-HMT 
is 2-3 h, but the effect on bladder seems to long-lasting respect pharmacokinetic 
data. The low lipophilicity of tolterodine and 5-HMT implies limited propensity to 
penetrate into the CNS with low incidence of cognitive side effects [44, 45]. 
However, tolterodine may disturb sleep in subjects with low activity of CYP 2D6 
[46]. Tolterodine is available as immediate-release 1 or 2 mg, or once-daily 
extended-release 2 or 4 mg. Extended-release seems to have advantages in terms of 
efficacy and tolerability [47]. The most common adverse events with Tolterodine 
extended-release 4 mg once daily are dry mouth (10%) and constipation (4%) [48]. 
Tolterodine has no clinically significant effect on QT interval [49]. However, 
increase in heart rate per 24 h was documented with Tolterodine extended-release 
4 mg [18]. 


3.3.1.7 Trospium Chloride 

Trospium is a quaternary ammonium compound with a low biological availability 
(less than 10%) and no selectivity for muscarinic receptor subtypes. Plasma half-life 
is approximately 20 h, and is mainly eliminated unchanged in the urine [50]. 
Trospium is not metabolized by cytochrome P450 enzyme system. Trospium seems 
to do not have negative cognitive effects due to its limited extent cross the 
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blood-brain barrier and into the brain [19, 51]. The effect of trospium in reduction 
of urgency incontinence, reduction of the micturition frequency, and reduction of 
urgency frequency has been documented in several studies [52-54]. The most com- 
mon side effects are dryness of the mouth (21.8%), constipation (9.5%), and head- 
ache (6.5%) [53]. The extended-release formulation of trospium allows a single 
dose of 60 mg daily with the advantage of lowering dry mouth (10.7%) and consti- 
pation (8.5%) [55, 56]. 


3.3.1.8 Oxybutynin Chloride 

Oxybutynin is a tertiary amine metabolized by cytochrome P450 system (CYP3A4). 
The primary metabolite, N-desethyloxybutynin has pharmacological properties 
similar to oxybutynin, and seems to be the main cause of dry mouth [57]. The 
immediate-release form of oxybutynin is recognized for its efficacy and most of 
anticholinergic drugs have been compared to it once efficacy over placebo has been 
determined [58]. The recommended dose of immediate-release form is 5 mg three 
time daily, however lower doses have been used [59]. The extended-release formu- 
lations of 5-10-15 mg were developed to decrease metabolite formation and conse- 
quently the rate of side effects. Extended-release was more effective in urgency 
incontinence episodes and frequency when compared to immediate-release (2 mg 
twice daily) with lower side effects incidence [60]. The transdermal oxybutynin 
formulation also reduces metabolite formation lowering the dry mouth rate to that 
reported with placebo (7%) [61, 62]. The transdermal formulation reduced urgency, 
urgency incontinence, and average daily urinary frequency by an increased average 
voided volume [61, 63]. Application site pruritus and erythema occurred in 16% and 
7%, respectively [62]. Topical daily use of gel of oxybutynin has also been devel- 
oped with good results. Oxybutynin may have negative effects on cognitive func- 
tions. Therefore, this factor should be taken into consideration. 


3.3.1.9 Propiverine Hydrochloride 

Propiverine has a combined antimuscarinic and calcium antagonistic action. Its 
hepatic metabolism is linked to cytochrome P450. The half-life is about 11—14 h, 
and its biological availability is about 50% [64, 65]. Propiverine has been shown to 
reduce of 17% micturition by a 64 ml increase in bladder capacity, and a 77% sub- 
jective improvement [66]. Propiverine formulations are immediate-or extended- 
release. When these two formulations were compared the extended-release showed 
better rates of cure on urgency incontinence but with similar dry mouth rates (27% 
and 24%) [67]. Other side effects of propiverine were cardiovascular, gastrointesti- 
nal, and visual function [68]. However, no negative effects on cardiac safety could 
be demonstrated [69]. 


3.3.2 B-Adrenoceptor Agonists 


The human detrusor contains 61, 82, and $3 subtypes of adrenoreceptors. However, 
there is a predominant expression of 63 and £2, both involved in the physiological 
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effect of detrusor relaxation [70]. The mechanism by which B-adrenoreceptors ago- 
nists induce detrusor relaxation is the activation of messenger and channels impor- 
tant for intracellular signal transduction. 


3.3.2.1 Mirabegron 

Mirabegron is the first B3-adrenoceptors agonists. In common with other 
63-adrenoceptor agonists, mirabegron was originally developed as a treatment 
for obesity and type 2 diabetes [71]. Its metabolism is in the liver by cytochrome 
P450 (3A4, 2D6) [72]. Data on this drug show a good efficacy on the treatment 
of OAB/DO [73]. The suggested dose is the 50 mg once daily, however is also 
available the 25 mg once daily. The most common adverse events are hyperten- 
sion (6.1%), urinary tract infection (2.7%), headache (3.2%), and nasopharyngi- 
tis (3.4%) [74]. Dry mouth and constipation are non-existent with the use of 
63-adrenoceptors agonists [75, 76]. Extrapolating the data available in the litera- 
ture it seems that there are no differences in efficacy between mirabegron and 
tolterodine [75, 76]. The comparison between mirabegron 50 mg and solifenacin 
5 mg in OAB patients dissatisfied with previous antimuscarinic treatment showed 
good tolerance and improvement of OAB symptoms with no difference between 
the two drugs [77]. 


3.3.3 Antidepressants 


There are few and conflicting data on the efficacy of antidepressants on OAB symp- 
toms. Imipramine must be mentioned due to its large clinical use in the past to treat 
these disorders. 


3.3.3.1 Imipramine 

Imipramine has a complex pharmacological effect including a systemic antimusca- 
rinic action, but the mode to act on OAB symptoms is not established. It has been 
documented the effect on reducing nocturnal enuresis. However, no good quality 
RCTs have documented that the drug is effective in the treatment of OAB/DO [78, 
79]. Imipramine may cause serious toxic effects on cardiovascular system, and risks 
and benefits in the treatment of voiding disorders do not seem to have been assessed. 
Therefore, the use of these drugs should be evaluated very carefully. 


3.4 Combination Therapy 


Recently, it has been proposed the combination drug therapy. The view behind 
this therapeutic strategy is that since LUTS may be multifactorial, the combined 
use of drugs with different modes of action and targeting different symptom com- 
plexes may be more effective. Data on alfal-blocker/5-ARI combination in males 
LUTS show a significantly more effective than the monotherapy [80]. The combi- 
nation of antimuscarinics (in particular solifenacin) and mirabegron was found 


3 Treatment Options in Patients with Overactive Bladder: Initial and... 35 


more effective in comparison with monotherapies without increase of adverse 
events [80]. However, costs and related efficacy may again play a rule on drop out 
from therapies. Combination of oxybutynin, tolterodine, and trospium has been 
shown to be effective and well tolerated in a few patients with neurological lower 
urinary tract dysfunction (NLUTD) [81]. However, neither mono therapy nor a 
combination of oxybutynin and trospium was satisfactory in neurogenic 
patients [82]. 


3.5 Pharmacological Management of Patients 
with Overactive Bladder 


Pharmacological management of OAB patients is recommended when lifestyle 
interventions have failed. Drugs aim to reduce urinary frequency improving quality 
of life. Through a careful selection among the available principles, mainly based on 
their potential side effects. However, drugs may have side effects that also may 
impact on quality of life. Therefore, it is not surprising that in patients with OAB 
there is a high dropout rate from therapies [83, 84]. The high number of antimusca- 
rinic molecules available can create doubts about which is the best, but the available 
data show that none of the antimuscarinic drugs is better than another [85]. The 
reduction of the side effects has been attempted with the transdermal or extended- 
release formulations that reduce the plasma peaks of the drug, and in some cases the 
formation of active metabolites. However, the presence of co-morbidities, concomi- 
tant therapies, and fragilities of a patient should lead the clinician to the choice or 
exclusion of some specific drugs. 


3.5.1 Comorbidities 


3.5.1.1 Glaucoma 

As both OAB and glaucoma increase with age, it is not surprising that approxi- 
mately 10% of OAB patients have glaucoma [86]. The antimuscarinics have been 
suggested to induce angle-closure glaucoma by narrowing the angle of anterior 
chamber, by pupillary dilatation, and by forward movement of the iris-lens dia- 
phragm [87]. Therefore, they can precipitate angle closure by a pupillary block 
mechanism. In open-angle glaucoma anticholinergics are not contraindicated. In 
treated angle-closure glaucoma it is prudent to compare intraocular pressures 
before, and during the use of anticholinergics. Data on the effect of solifenacine 
succinate on intraocular pressure show no clinically significant impact in the short 
term [88]. However, in patients with angle-closure glaucoma would be preferable to 
shift to B3-adrenoceptors agonists or to injections of botulinum toxin. 


3.5.1.2 Neurological Diseases 
Neurological diseases may cause NLUTD including urinary incontinence, voiding 
difficulties, and urinary retention. Because neurological disease is often present in 
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elderly populations it may be difficult to distinguish LUTS are due to aging alone, 
or whether they are caused by the neurological disease. In addition, the type of 
symptoms on the lower urinary tract is related to the type of neurological damage. 
Patients who have neurological SNC conditions such as Parkinson’s may require 
different management from those with peripheral neuropathy. In this context urody- 
namic evaluation is usually performed and OAB has been documented as detrusor 
overactivity (DO). Once again in these patients the first aim should be decrease 
storage-phase detrusor activity and increase bladder capacity. However, in the cases 
of detrusor sphincter dyssynergia it would be necessary to reduce bladder outlet 
resistance. Comparing efficacy, tolerability, and safety of oral antimuscarinics in 
patients with neurogenic DO only oxybutynin, propiverine, and trospium were eval- 
uated in large placebo-controlled studies. These drugs were able to decrease maxi- 
mum detrusor pressure by 30-40%, and increase maximum cytometric bladder 
capacity of 30-40% [89]. However, studies lack of standardized clinical evalua- 
tion [90]. 


3.5.1.3 Cognitive Impairment 

Cognitive impairment is a real dilemma for the clinician as it is difficult to under- 
stand whether urinary incontinence is caused by an OAB or whether it is related to 
dementia. In the case of dementia, behavioral therapy, and improved level of nurs- 
ing care is recommended. If OAB is suspected the use of antimuscarinics should be 
well-thought-out due to the effect on loss of memory and confusion [91]. It would 
be advisable to prescribe molecules with lower propensity to cross the blood-brain 
barrier (i.e., trospium chloride) or with selectivity for M3 receptor (i.e., darifena- 
cin). Moreover, it is recommended to monitor mental status prior to prescribing 
and periodically thereafter [92]. In these patients §3-adrenoceptors agonists may 
be a good choice due to its no effect on cognition. In both neurological and frail 
patients, OAB treatment should be supported by a reduction of environmental fac- 
tors (Table 3.2). 


Table 3.2 Environmental factors influencing OAB incontinence in frail people 


e Adequate number 

e Low distance 

e Adequate privacy 

e Adequate toilet heights 

e Adequate light (also during night time), call light, 
toilet paper, soap, paper towels 


Toilet accessibility 


Care process and quality ¢ of care 


e Check if environment characteristics by rituals and 
routines may affect quality of care 
e Nursing home 


Patients mobility and ability to e Impaired mobility, the use of physical restraints, 

perform activities of daily leaving restrained to a chair are risk factor for incontinence 
e Check quality of nursing 

Limited or inconsistent access to e Structured toileting program requires a staff to patient 

toileting assistance ratio of 1:5 [96] 
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3.5.1.4 Associate BOO 

The presence of bladder outlet obstruction (BOO) should always be taken into 
account in patients with OAB. In males with OAB associated with BOO, deteriora- 
tion of the LUTS cannot be excluded with the use of antimuscarinics. These patients 
should be counselled that OAB is only part of the clinical problem. Therefore, it is 
better to consider the pros and cons of OAB therapy only if associated to the treat- 
ment/cure of voiding LUTS. In case of females with OAB associated to pelvic organ 
prolapse the treatment of prolapse should be considered as OAB resolution could 
occur in a good percentage of cases [93, 94]. 


3.5.1.5 Frail Older Patients 

Frailty is a state of vulnerability to insult, or minor stressor, from which the indi- 
vidual does not fully recover. In frail older persons the etiology of urgency inconti- 
nence may be part of a geriatric syndrome. Geriatric syndromes have been defined 
as “multifactorial health conditions that occur when the accumulated effects of 
impairments in multiple systems render an older person vulnerable to situational 
challenges” [95]. 

Furthermore, the elderly population tends to suffer from multiple diseases, lead- 
ing to polypharmacy. Data show how 10-20% of elderly patients (>65 years) receive 
treatment with anticholinergics for an overactive bladder are in a state of polyphar- 
macy [91]. Older patients have a relative higher frequency of adverse events than 
younger. This highlights how in older patients it is very important to evaluate all the 
pathological condition before choosing a drug for OAB symptoms [92]. Physicians 
should first evaluate multifactorial health conditions and the precipitating risk fac- 
tors that interact influencing the ability of the patient to remain continent (Table 3.2). 
In this category of patient, it is essential not to choose molecules that may negative 
effect on cognitive functions preferring drugs that seem not to effect on loss of 
memory and confusion (i.e., trospium chloride, darifenacin, §3-adrenoceptors). 
Moreover, the molecule we are going to choose must not have interactions with the 
other drugs taken by the patient. Last but not least, lifestyle interventions previously 
described in this chapter should be continued in frail older patients. 
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Treatment Options in Patients 4 
with Overactive Bladder: The Invasive 
Management 


Musco Stefania, Gemma Luca, and Del Popolo Giulio 


4.1 Introduction 


Overactive bladder syndrome (OAB) is defined refractory if symptoms persist 
despite at least two attempts of oral therapy with muscarinic receptor antagonists 
and/or §3-adrenergics [1]. Different minimally invasive interventional procedures 
such as intradetrusor injection of botulinum toxin, sacral neuromodulation (SNM), 
or posterior tibial nerve stimulation (PTNS) might be considered when oral drugs 
are not effective. Major reconstructive surgery may also be indicated when the 
above-mentioned less invasive and conventional treatments fail. 


4.2 Botulinum Toxin 


Botulinum neurotoxins (BoNT) are protein complexes produced by Clostridium 
botulinum, an anaerobic gram-positive Bacillus. BoNT inhibit the muscle contrac- 
tion by interfering with the release of acetylcholine (Ach) from presynaptic 
terminals. 

Nowadays it is mainly used as an injectable treatment, although new possible 
non-invasive routes are under investigation in some experimental and preclinical 
studies [2, 3]. 
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4.2.1 Molecular Structure and Mechanism of Action 


Seven serologically different neurotoxins (types A-G) are produced by four strains/ 
species of Clostridium botulinum. Each of the BoNT serotypes are subsequently 
divided into subtypes based on different aminoacid sequences and immunobiologi- 
cal properties. Neurotoxin A (BoNTA) is commonly used for urological indications. 
Specifically, five subtypes have been described [4]. 

When BoNT is endocytosed, the N-domain of the heavy chain translocate the 
light chain into the cytoplasm. Once in the cytoplasm, the light chain cleaves 
SNAP25 of the SNARE complex protein, inhibits the Ach release and reduces mus- 
carinic receptor M2 in the nerve terminal causing the flaccid paralysis of muscle [5]. 
It has been documented that BoNT also interrupts the afferent signals by reducing 
receptor expression in the urothelium [6]. 

More recently an anti-inflammatory effect has been hypothesized. Specifically, a 
decrease of substance P and nerve growth factor in urine has been found after 
BoNTA injections. Again, a possible apoptosis induced by BoNTA could cause the 
reduction of vascular endothelial growth factor expression in urothelium which may 
contribute to the effectiveness of BoNTA in treating sensory urgency in OAB and/ 
or interstitial cystitis/bladder pain syndrome [7]. 


4.2.2 BoNTA Intradetrusor Injection 


BoNTA was initially introduced in the 1990s to treat sphincter dyssynergia in spinal 
cord injury patients. After positive results on its effectiveness in relaxing striated 
muscle, its use in neurogenic bladder was expanded to manage neurogenic detrusor 
overactivity refractory to antimuscarinics. 

Currently, despite there being three subtypes of serotypes A commercially 
available: Onabotulinumtoxin-A produced by Allergan Inc. (Botox®), 
Abobotulinumtoxin-A produced by Ipsen Biopharm Ltd. (Dysport®), and 
Incobotulinumtoxin-A produced by Merz Pharmaceuticals GmbH (Xeomin®), 
only Botox® is approved for the treatment of OAB wet syndrome in both genders. 

The standard dosage for urgency urinary incontinence (UUI) is 100 units (U) 
dissolved in 10 mL of saline and injected under local anesthesia or mild sedation by 
flexible or rigid cystoscopy in 20 different sites (0.5 mL per injection) distant about 
2 cm from each other on the bladder wall, sparing the trigone [8] (Fig. 4.1). 


4.2.3 BoNTA Efficacy 


According to literature, patients treated with OnaBoNTA, showed a significant 
reduction of daily UUI in about 60-80% of patients after 12 weeks post-injection. 
Between 42% and 87% of patients reported complete continence after treatment. 
Additionally, quality of life (QoL) was substantially improved in 35-65% [9]. 
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Fig. 4.1 Intradetrusor 
botulinum toxin A 


OnaBoNTA has also shown to be more effective than muscarinic receptor antag- 
onists in comparative studies [10]. A double-blind randomized study comparing 
OnaBoNTA 100 U or Solifenacin 5 mg vs placebo showed that incontinence reduc- 
tion was significantly greater after Botox vs Solifenacin (p = 0.022) [11]. 

The median time of the duration of clinical response is 24 weeks. However, fol- 
low-up over 3.5 years showed consistent or increasing duration of effect for each 
subsequent treatment, with a median of 7.5 months [12]. 


4.2.4 Adverse Events 


OnaBoNTA also proved to be generally safe for frail and elderly people [12]. A rate 
of about 25% of symptomatic urinary tract infection (UTI) has been recorded for 
OAB subjects who underwent OnaBoNTA [12]. Interestingly, a systematic review 
stated that the real rate of UTI is still unclear because of the wide heterogeneity and 
non-standardization of UTI definition [13]. 

Counselling revealed that the most dreaded complication for patients is the need 
for intermittent catheterization (IC) because of urinary retention (UR) which was 
described in about 8% of cases among the RCTs conducted for the OnaBoNTA 
approval process in OAB [9, 12]. Some consideration should be highlighted on this 
aspect. Firstly, the rate of urinary retention is associated with several factors such as 
age, gender (> men) and multiparity in women [14]. Finally, the risk of having to 
perform IC seems to depend on the ability to void before OnaBoNTA treatment. 
Osborne et al. showed that patients having post-void residual lower than 100 mL at 
baseline showed an extremely low risk for IC after OnaBoNTA (< 1%). Whereas 
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7/30 (23%) subjects with PVR > 100 and <200 mL started IC because of symptom- 
atic urinary retention [15]. 


4.3 Sacral Neuromodulation (SNM) 


Sacral neuromodulation was described for the first time by Tanagho and Schmidt 
about 50 years ago [16]. They demonstrated that a continuous stimulation of the 
sacral roots could modulate the lower urinary tract function during the micturition 
phase. Since then, several studies have shown the role this treatment has also had in 
other neurogenic and non-neurogenic pelvic dysfunctions such as pelvic pain syn- 
drome, fecal incontinence, and constipation. InterStim® (Medtronic, Minneapolis, 
MN, USA) was the first implant approved by FDA for urgency urinary incontinence 
and/or urinary retention. 


4.3.1 Technique 


All patients who are SNM candidates for OAB may have a preliminary test phase 
(basic or advanced) to evaluate the harm and benefits of continuous stimulation. 

A peripheral nerve evaluation (PNE) may be helpful to select patients and evalu- 
ate the integrity of the sacral plexus (basic evaluation test). A needle is placed per- 
cutaneously under local anesthesia on the S3 sacral root (Fig. 4.2). The motor and 
sensory response is evaluated during the anterograde stimulation through the nee- 
dle. An anal contraction with a plantar flexion of the toe are indicative for a good 
motor response and integrity of sacral reflexes. The sensory response should be 
based on the type and site of sensation reported by the patients (anal, rectal, vaginal, 
scrotal, perineal). Both roots should be evaluated to see the best motor and sensory 
response (lower amplitude of stimulation). Subsequently a monopolar lead may be 


Fig. 4.2 PNE phase 
test—sacral 
neuromodulation 
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placed to evaluate clinical modifications during continuous stimulation. The lead 
must be removed within 14 days. The main disadvantage of this minimally invasive 
test is the high rate of false negatives (almost 50%) due to the easy displacement of 
the monopolar electrode [17, 18]. Therefore, in case of an unsuccessful test, patients 
should still have the chance to undergo the first stage of SNM (advanced evaluation 
test) to verify the PNE results or not. 

During the first stage, a self-retaining quadripolar tined lead is positioned percu- 
taneously on S3 foramen under X-ray guidance. This electrode is tunneled subcuta- 
neously and connected to an extension cable which emerges from the skin, which in 
turn is attached to an external portable generator. As opposed to PNE, this test can 
be left in situ for up to four weeks. Another advantage of the first stage is the chance 
to optimize the clinical response by changing the stimulation parameters (mono or 
bipolar) in case of dissatisfaction during each scheduled or on-demand visit. Only 
patients with a significant clinical amelioration (at least >50%) should be implanted 
definitively with the internal pulse generator (II stage of SNM) [19]. 


4.3.2 Mechanism of Action 


The exact mechanism of action of SNM is still unknown. One hypothesis is that it 
may have a direct anterograde action on the pudendal nerve but also retrogradely 
modulate the brain networks through the afferent pathways which may be somatic 
and/or visceral [20-22]. 

As a matter of fact, imaging and neurophysiological studies have demonstrated 
significant cerebral cortex activity when SNM is switched on. Moreover, it seems 
that the cortical areas involved by SNM are different depending on the time duration 
of stimulation [20]. With acute stimulation, a decrease in blood flow in the medial 
cerebellum and an increase in blood flow in the right postcentral gyrus cortex, right 
insular cortex, and ventromedial orbitofrontal cortex has been seen. Whereas, with 
chronic stimulation, changes in areas important for bladder awareness are more 
relevant (decrease in blood flow in the middle part of the cingulate gyrus, ventrome- 
dial orbitofrontal cortex, midbrain, and adjacent midline thalamus, and increase in 
blood flow in the dorsolateral prefrontal cortex) [22]. 


4.3.3 SNM Efficacy 


According to evidence, SNM is a valid alternative option for wet OAB patients who 
are oral drug non-responders [23-25]. 

An RCT comparing the efficacy of SNM vs intradetrusor OnaBoNTA 200 U 
(Rosetta trial) in 260 including only women with wet OAB found that SNM was 
associated with a lower rate of cure and improvement at the first 6-month follow-up. 
Conversely, no significant clinical differences in terms of reduction of UUI episodes 
or resolution was seen at 24 months between both treatments. Again, changes in 
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patient reported outcome measures (PROMs) were also comparable at the 2 year 
follow-up [26]. 

Body mass index is considered a negative predictive factor of success for both 
types of treatments in women. Older age and a higher functional comorbidity index 
were associated with negative response, however, only in the group of women 
treated by OnaBoNTA (p = 0.016; p = 0.031, respectively) [27]. 

Considering the possible benefits of SNM on combined pelvic dysfunctions, it is 
worth mentioning that a recent supplemental analysis of Rosetta trial investigated 
the possible effects of OnaBoNTA or SNM on fecal incontinence and sexual dys- 
function. Authors stated that no significant differences in Vaizey scores or sexual 
symptoms score measured by PISQ-12, and PISQ-IR were found [28]. 

Long-term success of up to 10 years has been confirmed by literature. Specifically, 
Al-zahrani et al. observed that almost two-thirds of UUI patients have maintained 
benefits [29]. 


4.3.4 Adverse Events 


A lower risk of UTI has been seen after SNM compared to OnaBoNTA (10% vs 
24%). The rate of revisions and/or SNM removal for failure was 3% and 9% respec- 
tively. . Regarding the risk of urinary retention, the same comparative study reported 
a lower rate of women starting IC (6%) despite the higher dosage of BoNTA injected 
(200 rather than 100 U) [26]. 

According to the InSite Study, 13% of the patients reported pain at the site of the 
internal generator. Almost one third underwent surgical revisions due to problems 
with the tined lead or battery change [25]. 

Currently, a rechargeable system, the Axonics® r-SNM is also available in some 
countries after FDA approval and CE mark, with similar safety and efficacy com- 
pared to the non-rechargeable SNM system [30, 31]. This has been designed to last 
at least 15 years with a mean interval of 7-14 days between charging depending on 
the parameter setting and amplitude of stimulation [32]. 

Currently Interstim® has also launched a full-body MRI compatible recharge- 
able or non-rechargeable system. 


4.4 Percutaneous Tibial Nerve Stimulation 


Percutaneous tibial nerve stimulation (PTNS) is the least invasive form of conven- 
tional neuromodulation recommended for OAB syndrome. The first FDA approved 
device for UUI was the Urgent PC® (Uroplasty, Inc., Minnetonka, MN). Another 
system called NURO® delivered by Medtronic has also recently become available 
on the market. PTNS should be offered to patients who are refractory and/or have 
poor tolerance to oral drugs and are unwilling to have more invasive treatments such 
as BoNTA or SNM. 
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4.4.1 PTNS Technique and Efficacy 


The needle is placed in a traditional Chinese acupuncture site (Sanynjiao point, 
called also SP6), about 3—5 cm above to the medial malleolus and connected to an 
external generator. As the electrical impulse increases, the motor response mainly 
consists of toe flexion, whereas the sensory response is usually reported as a sensa- 
tion along the sole of the foot and toe. The standardized SANS (Stoller Afferent 
Nervous System) protocol is 30 minutes of stimulation once a week for 12 weeks. 
Frequency is usually fixed at 20 Hz and pulse width of 200 ps [33]. 

Currently the efficacy of tibial nerve stimulation using transdermal pads or 
changing the parameter settings is still under investigation [34, 35]. 

Like SNM, the rate of efficacy after PTNS in improving storage symptoms and 
QoL in OAB patients ranges between 60% and 80%. Results in literature have been 
confirmed by comparative and sham-controlled studies [36, 37]. 

As regards urodynamics, the presence of severe detrusor overactivity has been 
considered a negative prognostic factor for PTNS success [38]. 

Despite the advantage of the less invasive treatment compared to SNM implant, 
the main limit of PTNS is still maintaining treatment and efficacy in the long term 
[39]. The initial clinical results on some definitive implantable devices which have 
been recently introduced on the market sounds promising [40]. 


4.5 Major Surgery 


Very rarely do patients suffering from idiopathic UUI require major surgery. In 
according to the international guidelines, augmented cystoplasty could be offered as 
a last resort after all possible lesser invasive treatments have failed. Incontinent 
urinary diversion might be an option for those who are unwilling to empty their 
bladders by intermittent catheter and accept having to live with a stoma [41]. 


4.5.1 Enterocystoplasty 


Ileum is commonly ileum preferred, considering that it is easier to resect and shape 
into a reservoir. Additionally, reconstructing the ileal transit is easier than using 
other portions of bowel (e.g., colon or stomach) [42] (Fig. 4.3). 

Bladder preparation includes the removal of the supra-trigonal detrusor. The 
intestinal segment is usually resected at 25—40 cm from the ileocecal valve and it 
needs to be long enough to be shaped into a spherical form. It is extremely impor- 
tant to avoid any tension to the mesenteric vessels to prevent ischemia. The ideal 
size of the ileal segment is about 25 cm. Once the ileal reservoir is made, it can be 
anastomosed to the residual detrusor. 

Comparing cystoplasty and intradetrusorial BoNTA, El-Azab et al. observed 
greater improvements in storage symptoms and QoL at 6 months follow-up in the 
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Fig. 4.3 Robotic-assisted 
ileocystoplasty 


group of patients who underwent bladder augmentation. However, the same patients 
showed more voiding difficulties, and 26.7% required IC [43]. 

Besides the advantages and disadvantages of the different surgical techniques 
(open, laparoscopic, or robotic assisted), bladder augmentation carries several dis- 
tinct long-term risks. A higher risk of urinary tract infections due to the colonic 
commensal bacteria colonization, mucus production, metabolic acidosis and blad- 
der tumors can occur over years [42, 44]. 

Considering the risk of malignancies, long-term surveillance by cystoscopy is 
still controversial. In a recent systematic review study, the rate of malignancy after 
cystoplasty ranged from 0% to 5.5% and the estimated incidence ranged from 0 to 
272.3 per 100,000 patients/year [45]. 


References 


1. Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, Ulmsten U, et al. The standardisation of 
terminology in lower urinary tract function: report from the standardisation sub-committee of 
the International Continence Society. Urology. 2003;61(1):37-49. 

2. Janicki JJ, Chancellor MB, Kaufman J, Gruber MA, Chancellor DD. Potential effect of lipo- 
somes and liposome-encapsulated botulinum toxin and tacrolimus in the treatment of bladder 
dysfunction. Toxins (Basel). 2016;8(3):81. 

3. Lee W, Su C, Tain Y, et al. Potential orphan drug therapy of intravesical liposomal onabotu- 
linumtoxin-A for ketamine-induced cystitis by mucosal protection and anti-inflammation in a 
rat model. Sci Rep. 2018;8:5795. 

4. Kumar R, Dhaliwal HP, Kukreja RV, Singh BR. The botulinum toxin as a therapeutic agent: 
molecular structure and mechanism of action in motor and sensory systems. Semin Neurol. 
2016;36(1):10-9. 

5. Jhang J-F, Kuo H-C. Botulinum toxin A and lower urinary tract dysfunction: pathophysiology 
and mechanisms of action. Toxins (Basel). 2016;8(4):120. 

6. Ikeda Y, Zabbarova IV, Birder LA, de Groat WC, McCarthy CJ, Hanna-Mitchell AT, et al. 
Botulinum neurotoxin serotype A suppresses neurotransmitter release from afferent as well as 
efferent nerves in the urinary bladder. Eur Urol. 2012;62(6):1157-64. 

7. Jhang J-F, Kuo H-C. Botulinum toxin A and lower urinary tract dysfunction: pathophysiology 
and mechanisms of action. Toxins (Basel). 2016;8(4):120. 


Treatment Options in Patients with Overactive Bladder: The Invasive Management 51 


8. 


10. 


Ti: 


12. 


13: 


14. 


15; 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25, 


26. 


Nambiar AK, Bosch R, Cruz F, Lemack GE, Thiruchelvam N, Tubaro A, et al. EAU guide- 
lines on assessment and nonsurgical management of urinary incontinence. Eur Urol. 
2018;73(4):596-609. 


. Nitti VW, Dmochowski R, Herschorn S, Sand P, Thompson C, Nardo C, et al. Onabotulinumtoxin 


A for the treatment of patients with overactive bladder and urinary incontinence: results of a phase 
3, randomized, placebo controlled trial. J Urol. 2013;189(6):2186—-93. 

Visco AG, Brubaker L, Richter HE, Nygaard I, Paraiso MFR, Menefee SA, et al. 
Anticholinergic therapy vs. onabotulinumtoxina for urgency urinary incontinence. N Engl J 
Med. 2012;367(19):1803-13. 

Herschorn S, Kohan A, Aliotta P, McCammon K, Sriram R, Abrams S, et al. The efficacy 
and safety of onabotulinumtoxinA or solifenacin compared with placebo in solifenacin naive 
patients with refractory overactive bladder: results from a multicenter, randomized, double- 
blind phase 3b trial. J Urol. 2017;198(1):167-75. 

Nitti VW, Ginsberg D, Sievert K-D, Sussman D, Radomski S, Sand P, et al. Durable efficacy 
and safety of long-term onabotulinumtoxinA treatment in patients with overactive bladder 
syndrome: final results of a 3.5-year study. J Urol. 2016;196(3):79 1-800. 

Stamm AW, Adelstein SA, Chen A, Lucioni A, Kobashi KC, Lee UJ. Inconsistency in the 
definition of urinary tract infection after intravesical botulinum toxin A injection: a systematic 
review. J Urol. 2018;200(4):809-14. 

Kuo HC, Liao CH, Chung SD. Adverse events of intravesical botulinum toxin A injections for 
idiopathic detrusor overactivity: risk factors and influence on treatment outcome. Eur Urol. 
2010;58(6):919-26. 

Osborn DJ, Kaufman MR, Mock S, Guan MJ, Dmochowski RR, Reynolds WS. Urinary reten- 
tion rates after intravesical onabotulinumtoxinA injection for idiopathic overactive bladder in 
clinical practice and predictors of this outcome. Neurourol Urodyn. 2015;34(7):675-8. 
Tanagho EA, Schmidt RA. Bladder pacemaker: scientific basis and clinical future. Urology. 
1982;20(6):614-9. 

Banakhar M, Hassouna M. Percutaneous nerve evaluation test versus staged test trials for 
sacral neuromodulation: sensitivity, specificity, and predictive values of each technique. Int 
Neurourol J. 2016;20(3):250-4. 

Bannowsky A, Wefer B, Braun PM, Junemann K-P. Urodynamic changes and response rates 
in patients treated with permanent electrodes compared to conventional wire electrodes in the 
peripheral nerve evaluation test. World J Urol. 2008;26(6):623-6. 

Spinelli M, Giardiello G, Gerber M, Arduini A, van den Hombergh U, Malaguti S. New sacral 
neuromodulation lead for percutaneous implantation using local anesthesia: description and 
first experience. J Urol. 2003;170(5): 1905-7. 

De Wachter S, Vaganee D, Kessler TM. Sacral neuromodulation: mechanism of action. Eur 
Urol Focus. 2020;2020:S2405-4569(19)30366-9. 

Leng WW, Chancellor MB. How sacral nerve stimulation neuromodulation works. Urol Clin 
North Am. 2005;32(1):11-8. 

Blok BFM, Groen J, Bosch JLHR, Veltman DJ, Lammertsma AA. Different brain effects dur- 
ing chronic and acute sacral neuromodulation in urge incontinent patients with implanted 
neurostimulators. BJU Int. 2006;98(6):1238-43. 

Herbison GP, Arnold EP. Sacral neuromodulation with implanted devices for urinary storage 
and voiding dysfunction in adults. Cochrane Database Syst Rev. 2009;2:CD004202. 

Brazzelli M, Murray A, Fraser C. Efficacy and safety of sacral nerve stimulation for urinary 
urge incontinence: a systematic review. J Urol. 2006;175(3 Pt 1):835-41. 

Siegel S, Noblett K, Mangel J, Griebling TL, Sutherland SE, Bird ET, et al. Three-year follow- 
up results of a prospective, multicenter study in overactive bladder subjects treated with sacral 
neuromodulation. Urology. 2016;94:57-63. 

Amundsen CL, Komesu YM, Chermansky C, Gregory WT, Myers DL, Honeycutt EF, Vasavada 
SP, Nguyen JN, Wilson TS, Harvie HS, Wallace D, For the Pelvic Floor Disorders Network. 
Two-year outcomes of sacral neuromodulation versus onabotulinumtoxinA for refractory 
urgency urinary incontinence: a randomized trial. Eur Urol. 2018;74(1):66-73. 


52 


M. Stefania et al. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 
43. 


44. 


45. 


Richter HE, Amundsen CL, Erickson SW, Jelovsek JE, Komesu Y, Chermansky C, Harvie 
H, Albo M, Myers D, Gregory WT, Wallace D, for the NICHD Pelvic Floor Disorders 
Network. Characteristics associated with treatment response in women undergoing onabotu- 
linumtoxina and sacral neuromodulation for refractory urgency urinary incontinence. J Urol. 
2017;198(4):890-6. 

Andy UU, Amundsen CL, Honeycutt E, et al. Sacral neuromodulation versus onabotulinum- 
toxinA for refractory urgency urinary incontinence: impact on fecal incontinence symptoms 
and sexual function. Am J Obstet Gynecol. 2019;221(5):513.e1-513.e15. 

Al-zahrani AA, Elzayat EA, Gajewski JB. Long-term outcome and surgical interventions after 
sacral neuromodulation implant for lower urinary tract symptoms: 14-year experience at 1 
center. J Urol. 2011;185(3):981-6. 

McCrery R, Lane F, Benson K, et al. Treatment of urinary urgency incontinence using a recharge- 
able SNM system: 6-month results of the ARTISAN-SNM study. J Urol. 2020;203(1):185-92. 
Blok B, Van Kerrebroeck P, de Wachter S, et al. A prospective, multicenter study of a novel, 
miniaturized rechargeable sacral neuromodulation system: 12-month results from the RELAX- 
OAB study. Neurourol Urodyn. 2019;38(2):689-95. 

Blok B, Van Kerrebroeck P, de Wachter S, et al. Programming settings and recharge interval 
in a prospective study of a rechargeable sacral neuromodulation system for the treatment of 
overactive bladder. Neurourol Urodyn. 2018;37(S2):S 17-22. 

Giani I, Musco S. Tibial nerve stimulation. In: Martellucci J, editor. Electrical stimulation for 
pelvic floor disorders. Cham: Springer; 2015. 

Booth J, Aucott L, Cotton S, et al. ELECtric tibial nerve stimulation to reduce incontinence in 
care homes: protocol for the ELECTRIC randomised trial. Trials. 2019;20:723. 
Ramirez-Garcia I, Blanco-Ratto L, Kauffmann S, Carralero-Martinez A, Sanchez E. Efficacy 
of transcutaneous stimulation of the posterior tibial nerve compared to percutaneous stimula- 
tion in idiopathic overactive bladder syndrome: randomized control trial. Neurourol Urodyn. 
2019;38(1):261-8. 

Finazzi-Agro E, Petta F, Sciobica F, Pasqualetti P, Musco S, Bove P. Percutaneous tibial nerve 
stimulation effects on detrusor overactivity incontinence are not due to a placebo effect: a 
randomized, double-blind, placebo controlled trial. J Urol. 2010;184(5):2001-6. 

Peters KM, et al. Randomized trial of percutaneous tibial nerve stimulation versus extended- 
release tolterodine: results from the overactive bladder innovative therapy trial. J Urol. 
2009; 182(3):1055-61. 

Vandoninck V, van Balken MR, Finazzi Agro E, et al. Percutaneous tibial nerve stimulation in 
the treatment of overactive bladder: urodynamic data. Neurourol Urodyn. 2003;22(3):227-32. 
Peters KM, Carrico DJ, MacDiarmid SA, et al. Sustained therapeutic effects of percuta- 
neous tibial nerve stimulation: 24-month results of the STEP study. Neurourol Urodyn. 
2013;32(1):24-9. 

Vollstedt A, Gilleran J. Update on implantable PTNS devices. Curr Urol Rep. 2020;21(7):28. 
https://doi.org/10.1007/s11934-020-00980-5. 

Abrams P, Andersson K-E, Apostolidis A, Birder L, Bliss D, Brubaker L, et al. 6th International 
Consultation on Incontinence. Recommendations of the International Scientific Committee: 
evaluation and treatment of urinary incontinence, pelvic organ prolapse and faecal inconti- 
nence. Neurourol Urodyn. 2018;37(7):227 1-2. 

Greenwell TJ, Venn SN, Mundy AR. Augmentation cystoplasty. BJU Int. 2001;88(6):511—25. 
El-Azab AS, Moeen AM. The satisfaction of patients with refractory idiopathic overactive blad- 
der with onabotulinumtoxinA and augmentation cystoplasty. Arab J Urol. 2013;11(4):344-9. 
Stein R, Schroder A, Thuroff JW. Bladder augmentation and urinary diversion in patients with 
neurogenic bladder: non-surgical considerations. J Pediatr Urol. 2012;8(2):145-52. 

Biardeau X, Chartier-Kastler E, Roupret M, Phe V. Risk of malignancy after augmentation 
cystoplasty: a systematic review. Neurourol Urodyn. 2016;35(6):675-82. 


Check for 
updates 


Bladder Outlet Obstruction 5 
and Overactive Bladder in Females 


Matteo Balzarro, Emanuele Rubilotta, Luca Gemma, 
and Vincenzo Li Marzi 


Abbreviations 


BOO Bladder outlet obstruction 


CIC Clean intermittent catheterization 
CNS Central nervous system 
DO Detrusor overactivity 


EMG Electromyography 

LUTS Lower urinary tract symptoms 
MUI Mixed urinary incontinence 
OAB Overactive bladder syndrome 
PBNO Primary bladder neck obstruction 
PVR Post void residual 

QOL Quality of life 


SUI Stress urinary incontinence 
UI Urinary incontinence 

UTI Urinary tract infection 

UUI Urgency urinary incontinence 


M. Balzarro - E. Rubilotta 
Department of Urology, Azienda Ospedaliera Universitaria Integrata di Verona, Verona, Italy 
e-mail: matteo.balzarro @ aovr.veneto.it; emanuele.rubilotta @ aovr.veneto.it 


L. Gemma - V. Li Marzi (>) 
Unit of Minimally Invasive, Robotic Urologic Surgery and Kidney Transplantation, Department of 
Experimental Medicine, Careggi Hospital, University of Florence, Florence, Italy 


© Springer Nature Switzerland AG 2021 53 
M. Balzarro, V. Li Marzi (eds.), Non-Neurogenic Bladder Dysfunctions, 

Urodynamics, Neurourology and Pelvic Floor Dysfunctions, 
https://doi.org/10.1007/978-3-030-57393-5_5 


54 M. Balzarro et al. 


5.1 Lower Urinary Tract Symptoms’ Epidemiology 


Lower urinary tract symptoms (LUTS) can be distinguished into storage, voiding, 
and post-micturition symptoms. Many adults experience LUTS, and the prevalence 
of these symptoms increases with age. Women complain storage symptoms more 
frequently than men (59.2% vs. 51.3%), whereas the opposite is true for voiding and 
post-micturition symptoms (men 25.7% vs. women 19.5% and men 16.9% vs. 
women 14.2%, respectively) [1]. Data from population-based studies report storage 
urinary symptoms in 17.4% of women older than 40 years in Europe and 16.9% of 
women older than 18 years in the United States [2, 3]. 

If storage symptoms might be related to the overactive bladder (OAB) syndrome, 
voiding symptoms could be sustained by bladder outlet obstruction (BOO) and/or 
detrusor underactivity. BOO is defined as the coexistence of an increased detrusor 
pressure a with a concomitant reduction in the flow rate of urine at urodynamic find- 
ings [4]. Instead, OAB was defined in 2002 by the ICS as a storage symptom syn- 
drome characterised by “urgency, with or without urgency urinary incontinence 
(UUI), usually with increased daytime frequency and nocturia” [4]. The EPIC study 
[5], a large population-based survey, quantified LUTS in 58.139 adults aged >18 in 
Canada, Germany, Italy, Sweden, and the United Kingdom with OAB being reported 
by 12.8% of the women under the age of 60. 


5.2 Bladder Outlet Obstruction Pathophysiology 


BOO is a generic term that should be considered in patients with certain LUTS, 
including difficult voiding, abdominal straining during voiding or storage symp- 
toms. While this concept is readily applied to the male patient through the use of 
nomograms with adequate sensitivity and specificity, the diagnosis appears more 
challenging in the female counterparts. Indeed, the identification of BOO in female 
patients remains a complex issue as there are not strict urodynamic criteria to estab- 
lish the diagnosis. While retrospective studies in the literature record a rate of 
obstruction in women with LUTS ranging from 2.7% to 8%, female bladder outlet 
obstruction remains largely underdiagnosed. One of the main reasons could be 
related to the absence well-established diagnostic parameters [6]. The causes of 
BOO are several and can be divided into two major groups: functional and anatomic 
ones. It is important to correctly identify into which subtype that fits best patient’s 
BOO as management differs according to the cause, although all treatments share 
the common goals of preserving renal function and relieving symptoms. 

Functional obstruction may be caused by failure of relaxation of the bladder 
neck and/or urethral sphincter complex during a sustained detrusor contraction and 
includes dysfunctional voiding, Fowler’s syndrome, and primary bladder neck 
obstruction (PBNO). 

The ICS and the International Urogynecological Association (IUGA) defined 
dysfunctional voiding as a condition characterised by an intermittent and/or fluctu- 
ating flow rate due to involuntary intermittent contractions of the peri-urethral 
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striated or levator muscles during voiding in neurologically normal women, thus 
differentiating dysfunctional voiding from detrusor external sphincter dyssynergia, 
which is due to a “neurological abnormality” [7]. Many aetiologies have been pro- 
posed to explain the development of dysfunctional voiding. Allen and Bright thought 
that in these patients, the transition between the reflexive voiding of infancy and the 
normal adult voluntary voiding was not complete, and they cited a “high incidence 
of internal stress within the families” as an aetiology of this condition [8]. Conversely, 
Groutz et al. reported that none of the women with dysfunctional voiding in their 
series complained voiding difficulties during childhood [9]. At the same time, a 
high correlation between anxiety and depression and dysfunctional voiding could 
be recorded [10]. However, a response to voluntary holding of urine for long periods 
of time has been suggested [11], as well as an overactive guarding response, where 
the external sphincter is reacting to an involuntary detrusor contraction or sensory 
urgency and then the response is generalised to a voluntary void [12]. 

A severe form of dysfunction, Hinman’s syndrome, was first described in 1973 in 
a paediatric population with recurrent urinary tract infections and urinary inconti- 
nence in the absence of an overt neurologic cause. A lack of coordination was noted 
between the detrusor contraction and relaxation of the urinary sphincter complex 
leading to an interrupted flow of urine [13]. The aetiology and treatment of this 
condition has been difficult to discern. Some suggest this is a learned behaviour, and 
there is evidence that there is preponderance amongst child abuse victims. If these 
symptoms are left untreated, they may lead to impaired bladder compliance and 
hydronephrosis, similarly to that which occurs with chronic obstruction. 

Primary bladder neck obstruction (PBNO) was first described in a population of 
female patients with LUTS and anatomic/endoscopic changes in the bladder sug- 
gestive of longstanding obstruction such as trabeculations and diverticula. This is a 
relatively rare form of female BOO with an incidence varying in the literature from 
4.6% to 8.7% [14]. The lack of adequate funneling of the bladder neck, preventing 
adequate flow and creating a high-pressure system, seems to play a key pathogenic 
role. In PBNO, the pressure at the bladder neck appears to remain elevated com- 
pared with intravesical pressure during voiding. Some Authors have suggested the 
presence of striated muscle fibres extending from the external sphincter to the blad- 
der neck in these patients [15], while others have theorised an increased sympathetic 
activity at the level of bladder neck [16]. 

Although it is not a “true” bladder outlet obstruction, it is worthwhile to mention 
Fowler’s syndrome (FS). FS is characterised by the presence of idiopathic urinary 
retention in women associated with a particular finding on EMG tracings that sug- 
gest repetitive discharges of the sphincter with a pattern of decelerating bursts lead- 
ing to obstructive voiding in the absence of overt neurological disease. In summary, 
the bladder does not adequately contract because the sphincter does not relax. Some 
women have a low-flow voiding, most of these patients report relevant lower urinary 
tract symptoms or experience chronic urinary retention, and in many patients this 
disorder is associated with polycystic ovarian syndrome [17]. Some authors have 
suggested evidence of an occult autonomic dysfunction causing aberrant sympa- 
thetic discharge of the bladder and sphincter mechanism being the culprit behind the 
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symptoms of FS [18]. Furthermore, there was evidence of an abnormal response to 
bladder filling in the brain of patients with Fowler’s syndrome. This was thought to 
arise from an overwhelming inhibitory signal from the overactive urethra blocking 
the sacral afferent signal therefore preventing the activation of the normal mecha- 
nism of micturition at the periaqueductal grey. 

On the other side, Anatomic dysfunctions arise from an occluded urine flow sec- 
ondary to a fixed obstruction. This may be secondary to urethral stricture disease or 
kinking of the urethra due to pelvic organ prolapse (POP). Any pelvic malignancy 
as well as cystic or inflammatory conditions can determinate the urethra obstruction 
with a mass effect. Uterine or cervical malignancies as well as infected Skene glands 
or Gartner duct cysts could favourite a mechanical BOO. However, iatrogenic 
causes such as obstruction from anti-incontinence surgery have increased in terms 
of incidence as these procedures have gained popularity. 

Urethral strictures arise from damage to the epithelial lining of the urethral 
lumen, with an incidence of 4 and 18% in women presenting with BOO [9]. At the 
same time, pelvic organs descensus distorts the vaginal axis causing obstructive 
voiding symptoms due to kinking of the urethra; in particular, defects of the anterior 
compartment cause downward movement of the bladder neck and obstruction to the 
urine outflow. Obstructive voiding LUTS could be observed in 58% of patients with 
high-grade prolapse and the renal function could be impaired in up to 34% of 
patients with a positive correlation with the degree of prolapse, time from onset of 
the prolapse and the severity of renal function deterioration [19]. 

However, one of the most common causes of BOO in women is iatrogenic. In 
particular, the increasing number of procedures performed to correct stress urinary 
incontinence, such as transvaginal retropubic and transobturator approach to 
midurethral slings favourites the onset of iatrogenic obstruction. The trial of midure- 
thral slings (TOMUS) reported an incidence of voiding dysfunction requiring sur- 
gery or catheterization after retropubic sling to be 3% versus 0% during transobturator 
procedures [20]. In the trial of Burch colposuspension versus fascial sling, 6% of 
the patients undergoing pubovaginal sling developed voiding dysfunction, which 
required surgical revision of the sling. The rate of urinary retention after anti- 
incontinence procedures has been reported to occur in 1-10% of patients [21]. 


5.3 OAB Pathophysiology 


OAB is often labelled as “idiopathic” due to the difficulty to identify the underlying 
pathology for its development. Recently, it has been suggested that there are several 
subtypes of OAB, with multiple contributory factors. Therefore, it could be pheno- 
typed according to pathophysiological factors and urodynamic demonstration of 
detrusor overactivity (DO) [22]. 

DO is defined as “a urodynamic observation characterised by involuntary detru- 
sor contractions during the filling phase which may be spontaneous or provoked” 
[4]. DO has often been assumed to be synonymous with OAB; however, DO is 
found only in 50% of female OAB. According to the most recent literature, 
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DO-urgency might originate from the detrusor, the bladder urothelium/suburothe- 
lium or from the urethra. Drake et al. proposed that DO may result from histological 
changes of the detrusor, leading to abnormal electrical coupling of smooth muscle 
cells so that physiological micromotions become synchronised into active involun- 
tary detrusor contraction [23, 24]. At the same time, abnormal sensory and signal- 
ling properties of the urothelium and sub urothelial fibroblasts, as well as spontaneous 
contractions of the mucosa itself, originating from the muscularis mucosae, have 
been suggested as a possible origin of urgency [25]. 

Many patients experience urgency when moving from a sitting or lying position 
to a standing position. This sign has been postulated to be a clinical feature of OAB 
originating from the urethra [26]. Specifically, patients with POP, could refer 
urgency as a result of a prematurely activated micturition reflex caused by a lax 
vagina’s inability to support bladder neck/proximal urethra stretch receptors [27]. 
Likewise, the primary deterioration of urethral tone with urethral sphincter instabil- 
ity (i.e. urethral pressure variation during bladder filling) has been proposed as 
another mechanism of urethra-driven urgency, which may be due to a lack of puden- 
dal or central neurological control [28]. Nevertheless, a severe stress urinary incon- 
tinence (SUI) may favourite OAB syndrome; in particular, constant leakage in 
patients may result in a chronically underfilled, “defunctionalised” bladder with 
artifactual DO or impaired compliance generating urgency [29, 30]. 

The insula (lower bladder volumes) and anterior cingulate gyrus/supplementary 
motor area (higher volumes) may be neural characteristics of urgency without DO, 
while the neural signature of DO seems to be represented by a deactivation in the 
prefrontal cortex [31]. In particular, older age and a greater burden of white matter 
damage could be the anatomical substrate for the brain aetiology of OAB associated 
with DO, maybe through a frontal hypoperfusion process. 

Anyway, it should be considered that OAB syndrome may overlap with voiding 
symptomatology of detrusor underactivity (seen in over 50% of patients with uro- 
dynamically detrusor hypoactivity) and be attributed to the DO/impaired contractil- 
ity entity [32, 33]. 

In this scenario, several pathophysiological cofactors including metabolic syn- 
drome, affective disorders, sex hormone deficiency, as well as, the urinary micro- 
biota, gastrointestinal disorders and autonomic nervous system dysfunction may 
play a role in OAB syndrome. 

The metabolic syndrome, with an increased mechanical load stimulates sensory 
afferents of the trigone and bladder neck, oxidative stress, systemic inflammation 
and insulin resistance promoting chronic pelvic ischaemia and urothelial 
dysfunction. 

If OAB may predispose to anxiety and depressions, some evidence suggests that 
emotional stress and a history of anxiety/depression may be risk factors for the 
development of OAB itself in women [34]. Notably, there may be a bidirectional 
association between affective disorders and OAB, with common underlying bio- 
logical mechanisms resulting in co-occurrence of both disorders. Corticotrophin- 
releasing factor (CRF) and serotonin depletion have also been investigated a possible 
common pathophysiological contributor to OAB and anxiety/depression [35, 36]. 
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Oestrogen deprivation, resulting in increased detrusor contractility through Rho- 
kinase pathway activation, acetylcholine release, connexin-43 expression and 
changes in urothelial afferent signalling, could favourite the onset of urinary 
urgency, in a symptom complex known as genitourinary syndrome characterised by 
UTIs, vaginal dryness, itching, and dyspareunia [37—39]. At the same time, the uri- 
nary microbiota may play a role in the pathogenesis of OAB, although the causative 
relationship, as well as its possible therapeutic implications, are still unclear [40]. A 
higher load of bacteria is more frequently detected in patients with UUI, with pos- 
sibly decreased urinary microbiome diversity. Some Lactobacillus spp. (e.g. 
Lactobacillus crispatus) may be markers of a healthy female bladder due to their 
acid-producing qualities controlling the growth of more virulent bacteria unable to 
survive in an acidic environment [41]. 

Considering that urinary and gastrointestinal systems are influenced from each 
other, the most frequent condition inter-related to OAB is irritable bowel syndrome 
(IBS) [42, 43], with a prevalence of IBS of 33.3% in patients with OAB [44]. This 
central sensitisation might be triggered by pelvic organ cross-sensitisation, with 
activation of peripheral neural pathways leading to an amplification of signalling in 
the spinal cord and brain [42]. 


5.4 Diagnosis 
5.4.1 History 


Women with concomitant bladder outlet obstruction and overactive bladder usually 
reports storage and voiding symptoms such as urinary urgency, difficulty in bladder 
emptying, slow urine stream, and hesitancy even in the absence of objective urinary 
retention [45]. 


5.4.2 Physical Examination 


Physical assessment must exclude the presence of a pelvic organ prolapse. Pelvic 
floor muscle contractility should be measured by digital vaginal palpation assessing 
overactive or underactive pelvic floor muscle, or non-functioning pelvic floor 
muscle [45]. 

In women with previous implantation of synthetic material it must be excluded 
the vaginal extrusion of the implants. Sometimes in the case a synthetic tape is the 
cause of obstruction it is also possible to see the vaginal wall retraction at the blad- 
der neck or in the involved portion of the urethra [46]. 

In these cases, the tape may cause the feeling of a hard cord sometimes painful. 
During physical examination PVR may be measured by catheterization. This proce- 
dure gives the opportunity to exclude UTI by dipstick urinalysis. 
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5.4.3 Diagnostic Tools 


Physicians must exclude the presence of urinary tract infection. Thus, if a dipstick 
was not done during the physical assessment urinalysis and urine culture are 
required. A 3-days voiding diary is a useful tool in the assessment of OAB symp- 
toms severity, and to evaluate the efficacy of therapy for OAB [47]. Validated ques- 
tionnaires are not so popular in the clinical practice although they can be very 
useful. OAB-screener, OAB-Q, IC-Q FLUTS, and W-IPSS evaluate female lower 
urinary tract symptoms and impact on quality of life [47]. In case of women report- 
ing voiding symptoms the evaluation of PVR is recommended. Ultra sound assess- 
ment of PVR is a non-invasive evaluation that has shown to have a good reliability 
when compared with trans-urethral catheterization. Uroflowmetry (UFM) usually 
document a reduced Q,,,,. However, UFM data and curve configuration do not allow 
to achieve the diagnosis of obstruction [47]. 

Video-urodynamics is the favourite invasive tool to assess detrusor overactivity 
and bladder outlet obstruction. The images obtained are useful to diagnose the blad- 
der neck obstruction, or signs of dyssynergy between bladder and sphincter. In case 
of dyssynergia urethral sphincter electromyography (EMG) show the contraction of 
pelvic floor during detrusor contraction attempting the micturition [48-51]. 

There is no consensus on UD parameters with in females BOO. However, Blaivas 
and Groutz proposed a nomogram to classify women with different degree of 
obstruction, based on free Qmax and Pye/Qmax- To date this is the most used tool to 
analyze obstructed women [52]. In the case of history of synthetic implantation 
material to treat stress urinary incontinence, it is useful to exclude urethral/vesical 
extrusion by urethra-cystoscopy. This invasive examination gives the opportunity to 
evidence also a urethral hyper correction with the loose of the natural anatomical 
position. 


5.5 Management 


The management of female patients with concomitant bladder outlet obstruction 
and overactive bladder must focus on control the OAB and resolve the bladder out- 
let obstruction. Treatment should be balanced between OAB and BOO. Indeed, the 
only treatment of OAB may cause the worsening of the BOO, and the only BOO 
management may not be resolutive of OAB. 


5.6 OAB Management 


Once OAB is diagnosed, the initial management should start with counselling in 
order to increase the consciousness of the disease by the patient and facilitate life- 
style changing, if needed [53, 54]. Lifestyle modification intervention may helpful 
in OAB first line treatment [55]. Abstinence from smoking may reduce urinary fre- 
quency and urgency [56]. Caffeine consumption is likely to play a role in exacerbat- 
ing urinary urgency, frequency, and incontinence [57, 58]. 
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The role in OAB of carbonated drinks, artificial sweeteners, and alcohol have 
been investigated and findings are contradictory. However, in severe OAB or in 
cases of abuse of such foods it is recommended to try to reduce these substances and 
check the effect on the OAB [58]. 

The reduction of fluid intake is a strategy commonly reported by OAB patients. 
Data on decreasing fluid volume showed this intervention as a significant positive 
strategy to impact on quality of life in patients with OAB and with stress inconti- 
nence [57-59]. 

Bladder-training is a program designed to educate the patient to increase the time 
interval between one urination and another. The objectives of this re-education as 
well as changing the patient’s micturition habit are also improve control over blad- 
der urgency, prolong voiding intervals, increase bladder capacity, reduce inconti- 
nent episodes, and restore patient confidence in controlling bladder function. There 
are several bladder-training programs and there is no evidence to suggest which is 
the most effective method. Bladder-training may be very useful to change wrong, 
but now consolidated, voiding habits [55]. 

Available oral drugs to ameliorate OAB symptoms are anticholinergics and 
beta-3-agonists. Anticholinergics, also called antimuscarinics, are the oldest group 
of drugs used to treat OAB. They differ in their pharmacological profile, in their 
pharmacokinetic properties, and in their formulation. The most accepted model is 
that antimuscarinics block the release of acetylcholine (ACh) on activated choliner- 
gic (parasympathetic) nerves of the bladder on the detrusor muscle. This affects the 
storage phase increasing bladder capacity and thus decreasing urgency. However, 
antimuscarinics block affects also the void phase decreasing the ability of the detru- 
sor fibres to contract. Indeed, in males with BOO treated with antimuscarinics it has 
been proved a higher risk of PVR increasing. Similarly, in females it is presumable 
that a worsening of bladder emptying may occur with increasing of PVR. Beta-3- 
adrenergics induce detrusor relaxation by activation of messenger and channels 
important for intracellular signal transduction. Lower negative impact on voiding 
phase by Beta-3-adrenergics have been reported, but data in females are lacking 
[22, 60]. 

To date there are no evidence of the efficacy of pharmacological treatment for 
female BOO. Data on off label use of alpha-adrenergic receptor antagonist drugs in 
females show no significant efficacy. Thus, their use is not recommended [61]. 

Invasive treatments, such as intra-detrusor injection of botulinum toxin and neu- 
romodulation, may be proposed only in unobstructed women. 

In patients with severe symptoms of OAB and concomitant BOO which may not 
be resolved, it may be necessary to consider clean intermittent catheterization (CIC) 
regimen to guarantee bladder emptying [50, 51, 62]. 


5.7 BOO Management 


The treatment of female BOO must be tailored according to underlying pathophysi- 
ological mechanism. 
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In case of detrusor sphincter dyssynergia or urethral sphincter hypertonicity a 
pelvic floor muscle training is recommended as a first conservative treatment [63]. 
Additional treatments may be oral administration of antidepressant drugs. In case of 
failure of conservative treatments, sacral neuromodulation or botulinum toxin 
sphincter injection represents the invasive alternatives. Sacral neuromodulation effi- 
cacy is reported up to 70% [64]. 

Poor data are available on botulinum toxin sphincter injection. However, a recent 
pilot study on ten patients with a short follow-up demonstrated a relevant improve- 
ment in bladder emptying with Q,,, increase and lowering of PVR [65, 66]. 

Pelvic organ prolapse may cause bladder outlet obstruction, thus in these cases 
the treatment of the prolapse may resolve BOO. In case of females with OAB asso- 
ciated to POP the treatment of prolapse should be considered as OAB resolution 
could occur in a good percentage of cases [67—69]. 

Previous surgical treatment for urinary incontinence may cause concomitant 
BOO and OAB [67-69]. 

Middle urethral sling may cause obstruction, and in some cases extrude in the 
urethra (Fig. 5.1). In these cases, the first step is to manage the BOO [70]. Data on 


Fig. 5.1 Over tensioned 
tape in middle urethra (a), 
and over tensioned tape 
causing erosion in middle 
urethra (b) 
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the recovery of micturition after synthetic middle urethral sling show that into 
4—6 weeks there is a spontaneous resolution of transient postoperative urinary reten- 
tion in 96-98% of women [61]. However, data on autologous fascia sling and retro- 
pubic colposuspension show a higher incidence of BOO. In case of BOO it is crucial 
an early diagnosis to avoid the effects of obstruction on detrusor in the long-lasting 
time. Therefore, a postsurgical BOO managed by CIC until a surgical strategy has 
been done usually prevent the occurrence of OAB [69]. On the contrary, neglected 
de-novo OAB after SUI surgery has a difficult resolution, also after BOO surgical 
treatment. Surgical managements allow to release the hypercorrection on urethra. In 
case of synthetic tape, it is possible to do a sling loosening within 3—10 days from 
the sling implantation [70-72]. However, a surgical correction of postoperative uri- 
nary retention within 4—6 weeks may be considered an over treatment based on 
potential transient condition in 96-98% of women. In patients with prolonged BOO 
after urethral sling placement the easiest surgical choice may be the sling incision 
or excision. In more complex cases where the tape incision/excision do not guaran- 
tee an adequate urethral loosening ureterolysis may be recommended [73]. 
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Emanuele Rubilotta 


6.1 Definition 


Bladder outlet obstruction (BOO) is a generic term indicating a pathological condi- 
tion of obstruction during voiding. BOO is a urodynamic condition characterized by 
increased detrusor pressure and reduced urine flow rate during micturition (high 
detrusor pressure/low peak flow) [1, 2]. In men, BOO often results from benign 
prostate obstruction (BPO) which may be related to the benign prostate enlargement 
(BPE), with histological feature such as benign prostate hyperplasia (BPH) [3, 4]. 
In addition to prostate obstruction, in males several conditions can lead to BOO, 
such bladder neck dysfunctions, urethral stricture, poorly relaxed urethral sphincter, 
urethral sphincter dyssynergia, neurological diseases. 

Overactive bladder syndrome (OAB) is defined as urinary urgency, usually with 
frequency and nocturia, with or without urgency urinary incontinence [2, 4]. 
Detrusor overactivity (DO) is the urodynamics observation of OAB, characterized 
by involuntary detrusor contractions during the filling phase which may be sponta- 
neous or provoked [1]. Although OAB prevalence is similar in both sexes, anatomi- 
cal and physiological differences in the lower urinary tract system of men and 
women may explain some different underlying mechanisms which lead to this 
disorder. In males, the main causes are bladder outlet obstruction, neurological 
diseases, medications, uncontrolled diabetes [5]. 
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6.2 Epidemiology 


The association between BOO and OAB has been recognized in several studies [5]. 
The main epidemiological reports showed that males OAB prevalence ranges from 
10.8% to 27.2% [6-10]. The coexistence of OAB and BOO is described up to 50% 
in males with LUTS, while DO is urodinamically confirmed in the half of these men 
[11-13]. The overall rate of persistent OAB after medical or surgical treatments for 
BOO is described up to 50% [14-16]. 


6.3 Pathophysology 


The proposed pathophysiological mechanisms underlying the development of OAB 
in males with BOO include the myogenic, neurogenic, and urothelial factors [17]. 
All these pathological causes may provoke denervation from ischemia, changes in 
the bladder wall, and modifications in neural control of bladder contraction induced 
by BOO [17-22]. A decrease in blood flow has been recognized only in the dysfunc- 
tional bladders of males with BOO, but not in the balanced detrusor muscles [19, 
22]. Thus, the reduction in blood flow to the bladder seems an essential cause of the 
pathological detrusor contractility. The main explication of the diminution of blood 
flow is linked to the effect of the raised intravesical pressure during micturition, or 
the increased tissue pressure of hypertrophied bladder wall during filling. Denervation 
induced by ischemia has a lot of consequences. An effect of the parasympathetic 
denervation is the supersensitivity to acetylcholine that leads to stronger and more 
intense detrusor contractions [21-25]. The sympathetic stimulation is also affected 
by BOO [26-28]. The sympathetic system stimulation is increased by BOO, and a 
shifting in the predominant subtype of a-adrenoreceptors has been recognized (from 
ala to ald) [29, 30]. Furthermore, the sympathetic system may be relevant in the 
progression to DO and OAB through the Rho-kinase pathway. BOO upregulates the 
RhoA/Rho-kinase pathway which produces an increase in phosphorylation of the 
myosin light chain, leading to increase in contractility of the detrusor smooth muscle 
cells, and consequently to OAB [31]. Bladder outlet obstruction can also provoke 
changes in cell-to-cell contacts between detrusor smooth muscle cells. Protrusion of 
cell junctions and ultraclose abutments have been demonstrated in cells of patients 
with BOO. Abnormal cell-to-cell signaling can induce segmental contractions, 
evoke afferent nerve activity, increase afferent noise, and trigger micturition reflex 
[29, 30]. The reorganization of the spinal micturition reflex due to BOO has been 
proposed as a mechanism of developing DO and OAB [31, 32]. The hypertrophy of 
both bladder afferent and efferent neurons in BOO conditions is associated with an 
increase of the expression of NGF in the bladder and in the sacral autonomic centers, 
leading to facilitation of the spinal micturition reflex [33]. This reflex is thought to 
be mediated by bladder sensory unmyelinated C-fibers which transmit sensations of 
bladder fullness, urgency, pain. NGF has a relevant effect in bladder sensory C-fibers 
by promoting their sprouting in the central nervous system, by changing receptor 
expression in sensory fibers, and by decreasing their threshold of response to the 
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normal stimulation [34]. The hypersensitivity of these C-fibers causes a rise in the 
local release of neurotransmitters as tachykinins and other peptides. The conse- 
quences in the bladder wall are bladder smooth muscle contraction, facilitation of 
neural transmission and increase vascular permeability [35-37]. Thus, all these 
properties of bladder sensory nerve suggest that the increased afferent activity in 
men with BOO can induce detrusor overactivity causing OAB [34]. 

Recent increasing data has suggested that urothelium can have a part in the 
pathophysiological mechanism leading to OAB [38]. There are several evidences 
that the urothelium is not just a passive barrier, but is also a responsive structure that 
is capable of detecting thermal, mechanical and chemical stimuli [39, 40]. The uro- 
thelium synthesizes and releases acetylcholine (Ach) which differs widely from that 
of neurons with respect to the molecular components of ACh synthesis and release 
machinery [41]. Urothelial cells express ion channels similar to stretch activated 
(mechanosensitive) channels in nervous tissue and these channels may play a role in 
mechanotransduction in the lower urinary tract. The epithelial sodium channel 
(ENaC) has been implicated in several processes including transduction of mechan- 
ical and nociceptive stimuli [42]. The transient receptor potential vanilloid 1 
(TRPV1), a Ca**-permeable, non-selective cation channel, which has a prominent 
role in nociception, is present in urothelial cells and underlies their sensitivity to 
vanilloid compounds [43, 44]. Transmitters released from the urothelium may alter 
the excitability of afferent nerves and affect detrusor muscle contractility [40]. 
Absence of the urothelium may cause an increase in the spontaneous activity of 
detrusor. Thus, a chronic urothelial injury leads to both an increase urinary fre- 
quency and a decrease voiding volume, and can play an important pathophysiologi- 
cal role in the development of OAB [45]. 


6.4 Diagnosis 
6.4.1 General Considerations 


The concomitance of BOO and OAB should be supposed in males reporting urinary 
symptoms of both storage and voiding phase. In these males, the diagnostic approach 
should lead to evaluate whether these urinary symptoms are related to BOO or to 
other conditions, such detrusor underactivity (DUA) or neurological diseases. 
Furthermore, it is essential to assess whether storage symptoms correspond to those 
of the OAB syndrome and whether they are secondary to a BOO condition or to an 
idiopathic OAB syndrome. Males affected by BOO usually report voiding symp- 
toms and some storage symptoms, as nocturia, followed by urgency and urgency 
incontinence, while men with OAB most commonly refer urgency and frequency 
[22]. Thus, often the storage symptoms are the same, but the order of severity 
reported by patients may change. For these reasons, it is essential to use a proper 
and accurate diagnostic methodology, and several useful diagnostic tools, in the 
investigation of these males to clearly determine the association between BOO and 
OAB [46]. 
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The medical history is the basic step to identify the potential causes of lower 
urinary tract symptoms (LUTS) in men. The evaluation of patient’s comorbidities, 
current medications, lifestyle habits may aim to better characterize the clinical con- 
dition [46, 47]. 

Physical examination should focus suprapubic area, external genitalia, perineum 
and lower limbs, urethral discharge, meatal stenosis, phimosis, penile cancer. Digital 
rectal evaluation helps to assess prostate volume, to exclude prostate cancer or pros- 
tatitis [46, 47]. 

The use of validated symptom score questionnaires, such International Prostate 
Symptom Score (IPSS) [48], The International Consultation on Incontinence 
Questionnaire (ICIQ-MLUTS) [49], Overactive Bladder Questionnaire (OAB-q) 
[50], International Consultation on Incontinence Questionnaire Overactive Bladder 
(ICIQ-OAB) [51] is recommended [46, 52]. Symptoms scores are helpful in quan- 
tifying LUTS and identifying which type of symptoms are predominant, but they 
are not disease, or age-specific [46]. 

Bladder diary is an essential investigation tool for men with suspected coexisting 
BOO and OAB [2]. Parameters resulting from bladder diary comprise daytime and 
nighttime voiding frequency, urgency episodes, urgency urinary incontinence epi- 
sodes, volume per void, total voided volume, the rate of urine production during 
night (nocturnal polyuria index), fluid intake, use of pads, activities during record- 
ing. A duration of 3-days-long bladder diary is recommended [46, 53]. An accurate 
bladder diary may explain a lot of the urinary symptoms and aid in the diagnosis of 
symptoms related to BOO and/or OAB. Frequency and urgency episodes can be 
properly assessed leading to a correct diagnosis of OAB. Nocturia can be differenti- 
ate from nocturnal polyuria avoiding incorrect diagnosis and inappropriate treat- 
ments [54, 55]. 

Urinalysis, prostate specific antigen (PSA) and measurement of renal function 
should be taken [56, 57]. 

The evaluation of post-void residual (PVR) of urine is recommended in the base- 
line assessment [46], unless the diagnostic accuracy of this measurement is low. 
Indeed, the PVR threshold of 50 mL corresponds to the positive predictive value 
(PPV) of 63% and to the negative predictive value (NPV) of 52% for the prediction 
of BOO [58]. A high baseline PVR is associated with an increase risk of symptoms 
progression [59, 60]. High PVR volumes can be a consequence of voiding obstruc- 
tion and/or impaired detrusor contractility, so they may indicate some pathological 
bladder emptying conditions such BOO or DUA. Anyway, this parameter cannot be 
used to achieve a differential diagnosis between these conditions [61—63]. Thereby, 
PVR measurement can be an aid in the patient’s evaluation, but should always be 
consider only as one of the diagnostic steps in the overall assessment. 

Uroflowmetry (UF) is a non-invasive urodynamic investigation recommended in 
the initial evaluation of males with urinary symptoms suggestive of bladder outlet 
obstruction [46]. The diagnostic accuracy of uroflowmetry for detecting BOO varies 
considerably and is substantially influenced by threshold values, such voided vol- 
umes lower than 150 mL or higher than 500 mL [64]. Indeed, the optimal contractile 
function of detrusor muscle fibers is reached with a bladder filling ranging between 
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150 and 500 mL, which avoid an under- or overstretching of the muscle fibers. 
Uroflowmetry specificity can be improved by repeated flow rate testing [1, 2]. A 
peak flow (Qmax) threshold of 10 mL/s has a specificity of 70%, a PPV of 70% and 
a sensitivity of 47% for BOO. The specificity using a threshold Qmax of 15 mL/s is 
38%, the PPV 67% and the sensitivity 82%. If Qmax is >15 mL/s, physiological com- 
pensatory processes mean that BOO cannot be excluded [65]. Anyway, this non- 
invasive urodynamic evaluation is unable to discriminate the underlying mechanisms 
of pathological voiding, such bladder outlet obstruction or detrusor underactivity. 
Invasive urodynamics is the most accurate investigation for males with urinary 
symptoms suggestive of OAB and BOO [1]. Invasive urodynamics comprise a cys- 
tometry which may uncover signs of the OAB, and pressure-flow studies which 
allow to reveal bladder outlet obstruction and to distinguish BOO from DUA. During 
the filling phase of the examination it is possible to detect involuntary detrusor con- 
tractions, corresponding to detrusor overactivity (DO), occurring with or without 
contemporary sensory urgency [5]. In symptomatic patients, involuntary detrusor 
contractions are detected only in almost 50% of the cases. The urodynamic diagno- 
sis of BOO is characterized by the increased detrusor pressure associated to the 
decreased urinary flow during voiding. BOO has to be differentiated from DUA, 
which is described by the decreased detrusor pressure during voiding, coupled to 
the decreased urinary flow [5]. Accepted nomograms exist to aid in the differential 
diagnosis. Abrams-Griffith nomograms was developed on the model of urethral 
resistance relation (URR) [66] and was followed by the Schafer nomograms which 
was based on the passive urethral resistance relation (PURR) [67, 68], a simplified 
model of the Griffith’s URR. According to URR, as bladder pressure rises, the flow 
rate will be zero until the intrinsic bladder pressure equals the intrinsic urethral pres- 
sure. At this point, flow will start and the flow rate will rise rapidly with further 
increases in the intrinsic bladder pressure. If pairs of simultaneously measured val- 
ues of detrusor pressure and flow rate are plotted against one another throughout the 
course of a micturition event, a curve is obtained that shows the resistance to flow 
independent of detrusor function, representing the urethral resistance relation. The 
Abrams-Griffith nomograms boundary were: unobstructed, equivocal, and 
obstructed [69, 70]. The PURR curve describes the relationship between pressure 
and flow during the period of lowest urethral resistance (i.e., during complete relax- 
ation), and therefore defines the lowest urethral resistance during a single voiding 
event [71]. The PURR was the first attempt to quantify relevant features of the void- 
ing cycle describing the interplay of detrusor capability and bladder outlet resis- 
tance. In Schäfer nomogram this linear PURR (LinPURR) curve was divided into 
seven zones labeled 0 to VI corresponding to increasing grades of obstruction: 
grades 0 and 1, no obstruction; grade 2, equivocal or mild obstruction; grades 3—6, 
increasing severity of obstruction. The limit between grades 2 and 3 corresponds to 
the boundary between equivocal and obstructed in the Abrams-Griffiths nomogram. 
The linear PURR also allows for the assessment of detrusor contractility, indepen- 
dent of obstruction, divided in: strong, normal, weak, and very weak [72]. Based on 
the Griffith models, an ICS nomogram was developed, recommended for the diag- 
nosis of BOO [73, 74]. ICS nomograms uses the bladder outlet obstruction index 
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(BOOD represented by the equation: BOOI = Pae @ Qmax — 2 Qmax. According to 
this nomogram, males are divided into obstructed, equivocal, and unobstructed 
according to their BOOI: BOOI > 40 = obstructed; BOOI 20—40 = equivocal; and 
BOOI < 20 = unobstructed. To assess detrusor contractility, in addition to the con- 
tractility zones of the Schafer nomogram, an index for bladder contractility can be 
calculated from the contractility groups derived from the Schäfer nomogram [75]. 
The bladder contractility index (BCI) is represented by the following formula: 
BCI = Paet Qmax + 5 Qmax- Using this formula, contractility can be divided into strong 
>150, normal 100-150, and weak <100. Thus, the analysis of a complete urody- 
namic examination, with the aid of these nomograms, is the most accurate investiga- 
tion to diagnose detrusor overactivity and bladder outlet obstruction. To date, 
urodynamics is not routinely recommended in the diagnosis of men with LUTS, due 
to its invasiveness and costs, but it is indicated when the non-invasive urodynamic 
investigations fail for a definite diagnosis [46]. 


6.5 Management 
6.5.1 General Considerations 


For most men with LUTS, there is an overlap of both obstructive voiding symptoms 
and storage symptoms. Patients management should be tailored according to the 
type, the severity and the bother of the LUTS. The management of these men may 
include conservative treatments, pharmacological therapy, and surgical procedures. 
Each of these approaches has advantages and risks. The conservative management 
may be the first step. This therapeutic approach has no side effects, but it is effective 
in a minor part of the patients, mainly in males with LUTS less bothersome. 
Pharmacological treatments are effective and have mild/moderate side effects, rep- 
resenting the most common first-line therapeutic approach. Surgical procedures 
should be offered to males nonresponders to conservative and/or pharmacological 
treatments, with bothersome symptoms and/or more severe clinical conditions, after 
accurate counseling. 


6.6 Conservative Treatments 
6.6.1 General Considerations 


Behavioral modifications should be proposed to males with BOO and OAB as a 
first-line therapy or to enhance concomitant treatments. Several data support this 
clinical approach to these patients [76]. 

Behavioral management should be offered mainly to men with low/moderate 
LUTS, minimally bothered by their symptoms. These conservative treatments 
include lifestyle advices such as reduction of fluid intake, avoidance/moderation of 
intake of caffeine or alcohol, bladder retraining, revising the medical therapy and 
optimizing the time of administration or substituting drugs for others with fewer 
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urinary effects, breathing and perineal exercises, mental tricks to take the mind off 
the bladder and toilet, treatment of constipation, providing necessary assistance in 
case of dexterity impairment, mobility or mental state, improve reassurance and 
education on the patient’s clinical condition [77, 78]. 


6.7 Pharmacological Treatments 
6.7.1 General Considerations 


In males, due to the high prevalence of benign prostatic obstruction and the related 
obstructive urinary symptoms, the diagnosis of OAB may be often neglected. 
Thereby, a therapy for voiding obstructive symptoms is usually offered, while pro- 
posed therapy for OAB symptoms is not often advised [79]. 


6.7.2 «1-Blockers and 5a-Reductase 


The main pharmacological treatment for males with BOO is represented by 
o1-blockers, with or without association of 5a-reductase (type 1 or type 2) [46]. The 
pharmacological mechanism of «1-blockers is to inhibit the effect of endogenously 
noradrenaline on smooth muscle cells in the prostate, and thus reduce prostate tone 
and BOO [80, 81]. The 5a-reductases are generally used in case of prostate volume 
higher than 40 mL. The androgen effect of these agents on the prostate is mediated 
by dihydrotestosterone, which is converted from testosterone by the enzyme 
5a-reductase, a nuclear-bound steroid enzyme [82]. Both these treatments, 
o1-blockers and 5a-reductase, in mono- or combination therapy, have good results 
mostly on voiding symptoms, with improvement of IPSS score up to 50% and Qnax 
up to 40%, and can reduce also storage symptoms [83]. Long-term data (4 years) 
showed that combination treatment is superior to monotherapy for improvement of 
symptoms and Q,,,x, and superior to «1-blocker alone in reducing the risk of AUR 
or need for surgery [59, 84, 85]. Several data demonstrated that combination ther- 
apy significantly reduces the risk of disease progression [59, 84, 85]. The adverse 
events observed during combination treatment were those typical of «1-blockers 
and 5-ARIs, but the rate of side effects was significantly higher for combination 
therapy [59, 84, 85]. Combination therapy should be offer in long-term treatment 
(more than | years) and to men with moderate-to-severe LUTS, at risk of disease 
progression (higher prostate volume, higher PSA concentration, advanced age, 
higher PVR, lower Q,,,x) [86]. 


6.7.3 Antimuscarinic Agents and Beta-3 Adrenoreceptors 
The main drugs used for OAB symptoms are antimuscarinic [79, 87]. Recently, 


Beta-3 agonist have been introduced in the clinical practice [88—91]. The antimus- 
carinic mechanism is as following: the detrusor muscle is innervated by 
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parasympathetic nerves whose main neurotransmitter is acetylcholine, which stimu- 
lates muscarinic receptors (M-cholinoreceptors) on the smooth muscle cells. 
Muscarinic receptors are also present on other cell types, such as bladder urothelial 
cells, epithelial cells of the salivary glands, or the peripheral or central nervous sys- 
tem. Five muscarinic receptor subtypes (M1-M5) have been described, of which 
M2 and M3 are predominant in the detrusor. The M2 subtype is more numerous, but 
the M3 subtype is functionally more important in bladder contractions in healthy 
humans [92, 93]. Antimuscarinic effects might also be induced or modulated 
through other cell types, such as the bladder urothelium or by the central nervous 
system [94, 95]. The following muscarinic receptor antagonists are licensed for 
treating OAB/storage symptoms: darifenacin hydrobromide (darifenacin); fesotero- 
dine fumarate (fesoterodine); oxybutynin hydrochloride (oxybutynin); propiverine 
hydrochloride (propiverine); solifenacin succinate (solifenacin); tolterodine tartrate 
(tolterodine); and trospium chloride. Transdermal preparations of oxybutynin have 
been formulated and evaluated in clinical trials [96, 97]. Literature data showed that 
in men storage symptoms significantly decreased after therapy with antimuscarinic 
agents, with a low complications rate [15, 98—100]. Antimuscarinic drug trials gen- 
erally show approximately 3—10% withdrawals, which is similar to placebo. Drug- 
related adverse events include dry mouth (up to 16%), constipation (up to 4%), 
micturition difficulties/acute urinary retention (up to 3%), nasopharyngitis (up to 
3%), and dizziness (up to 5%) [15, 96-100]. Despite the high prevalence of storage 
symptoms in men with LUTS, and the efficacy of antimuscarinic agents with low 
side effects/complications, men are usually treated with BPH drugs rather than 
those specific for OAB [79]. An explication is that some patients may improve stor- 
age symptoms by the administration of the first-line therapy alone, represented usu- 
ally by al-blockers alone. Another reason may be the perception that these drugs 
may cause a high increase of PVR and/or acute urinary retention (AUR). However, 
published placebo-controlled, open-label and active-comparator studies showed 
that anticholinergics are not associated with a substantial increase in risk of AUR. A 
12 week safety study on men with mild-to-moderate BOO showed that tolterodine 
increased the PVR (49 mL vs 16 mL) but not AUR (3% in both arms) [15]. The 
urodynamic effects included larger bladder volumes at first detrusor contraction, 
higher maximum cystometric capacity, and decreased bladder contractility index, 
while Qmax Was unchanged. Thus, this trial indicated that short-term treatment with 
antimuscarinics in men with BOO is safe [15]. Other several well designed, pla- 
cebo-controlled studies, with longer follow-up, have evaluated the combination of 
alpha-blockade and antimuscarinic therapy in men [101—103]. All these studies 
showed a significant improvement in LUTS, and in OAB symptoms, with a very 
low rate of AUR ranging from 0.9% to 1.8%. Data obtained by RCTs and systematic 
reviews showed also that males underwent combination therapy had no relevant 
reduction in maximum flow, nor significant increase in AUR rate, but higher inci- 
dence of other side effects [101—111]. A recent RCT investigated the safety, in terms 
of maximum detrusor pressure and Qmax of solifenacin (6 or 9 mg) associated with 
tamsulosin in men with LUTS and BOO, compared with placebo [112]. The 
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combination therapy was not inferior to placebo for the primary urodynamic vari- 
ables, and Qmax Was increased vs placebo [112]. In a meta-analysis of sixteen studies 
with 3548 patients with BPH/OAB, initial combination treatment of an «1-blocker 
with anticholinergic medication improved storage symptoms and QoL compared to 
o1-blocker monotherapy, without causing significant deterioration of voiding func- 
tion [106]. There was no difference in total IPSS and Qmax between the two groups. 
Effectiveness of combination therapy was found primarily in men with moderate- 
to-severe storage LUTS [107]. Long-term use of combination therapy has been 
reported in patients receiving treatment for up to a year, showing symptomatic 
response is maintained, with a low incidence of AUR [108]. NEPTUNE Study 
showed in men with moderate-to-severe storage symptoms, voiding symptoms, and 
PVR < 150 mL, the reduction in symptoms using combination therapy, associated 
with patient-relevant improvements in health-related quality of life (HRQoL) com- 
pared with placebo and «1-blocker monotherapy [109]. The European Urological 
Association guidelines recommend the use of combination therapy—a-blockers 
and antimuscarinic agents—in males with moderate-severe storage symptoms due 
to the relevant improvement of storage symptoms and the low rate of complications. 
Anyway, it is strongly recommended to not offer this combination therapy in males 
with PVR > 150 mL [46]. 

Beta-3 adrenoceptors (mirabegron) are the predominant beta receptors expressed 
in the smooth muscle cells of the detrusor and their stimulation is thought to induce 
detrusor relaxation [88—91]. A meta-analysis of the RCT studies demonstrated that 
mirabegron was significantly effective in treating the symptoms of OAB, including 
frequency, urgency and urgency urinary incontinence [88-91], and in improving 
patient perception of treatment benefit [113]. Anyway, the men enrolled in these 
studies were only up to 30%. Complications on voiding phase have been reported as 
very low (about 1%) [88—91, 113]. Beta-3 adrenoreceptors tolerability was reported 
higher respect to antimuscarinic, with a discontinuation rate lower than that recorded 
for the antimuscarinic agents. Anyway, long-term studies on the efficacy and safety 
of mirabegron in men of any age with LUTS are not yet available. 

Larger data and studies on the use of mirabegron in combination with other 
pharmacotherapeutic agents for male LUTS are pending. To date, few data on com- 
bination therapy are available from two studies [114, 115]. In an RCT evaluating 
add-on therapy with mirabegron for OAB symptoms persisting after treatment with 
tamsulosin 0.2 mg daily in men with BPO, combination therapy was associated 
with greater improvements in OAB symptom score, in the urinary urgency and 
daytime frequency and storage subscore of the IPSS, and in the QoL index com- 
pared to monotherapy with tamsulosin [114]. A prospective analysis of 50 elderly 
men showed that mirabegron add-on therapy was effective for patients whose per- 
sistent LUTS and OAB symptoms were not controlled with «1-blocker monother- 
apy, without causing negative effects on voiding function [115]. Further data on 
long-term efficacy and safety of beta 3-adrenoreceptors and on combination ther- 
apy are needed. 
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6.7.4 Phosphodiesterase 5 Inhibitors 


Phosphodiesterase 5 inhibitors (PDESIs) have been recently assessed in the treat- 
ment of men with LUTS, but only tadalafil 5 mg once daily has been licensed for 
this therapy [46]. PDESIs increase intracellular cyclic guanosine monophosphate, 
thus reducing smooth muscle tone of the detrusor, prostate and urethra. Nitric oxide 
and PDESIs might also alter reflex pathways in the spinal cord and neurotransmis- 
sion in the urethra, prostate, or bladder [116]. Moreover, chronic treatment with 
PDESIs seems to increase blood perfusion and oxygenation in the lower urinary 
tract [117]. Finally, PDESIs could reduce chronic inflammation in the prostate and 
bladder [118]. Anyway, the exact mechanism of PDESIs on LUTS remains unclear. 
Several RCTs have demonstrated that PDESIs reduce IPSS, storage and voiding 
LUTS, and improve QoL. However, maximum flow rate did not significantly differ 
from placebo in most trials [119-122]. A meta-analysis on phosphodiesterase 5 
inhibitors showed that PDESIs improved IPSS and IIEF score, and slightly increase 
maximum peak flow [123]. The meta-analysis was based on five RCTs (two studies 
with tadalafil 20 mg, two with sildenafil 25 mg, and one with vardenafil 20 mg), 
showing that combination therapy significantly improved IPSS score (—1.8), IEF 
score (+3.6), and Qn, (+1.5 mL/s) compared with a-blockers alone. An open-label 
urodynamic study of 71 patients showed improvements in both voiding and storage 
symptoms, confirmed by improvements in BOO index (61.3-47.1; p < 0.001), and 
resolution of DO in 15 (38%) of 38 patients. Maximum flow rate improved from 7.1 
to 9.1 mL/s (p < 0.001) and mean IPSS from 18.2 to 13.4 [124]. Anyway, long-term 
experience with tadalafil in men with LUTS is limited to one trial with a short fol- 
low-up of 1 year [121]. A combination of PDESIs and a-blockers has also been 
evaluated. The effects of tadalafil 5 mg combined with finasteride 5 mg were 
assessed in a 26-week placebo-controlled RCT [125]. The combination of tadalafil 
and finasteride provided an early improvement in urinary symptoms (p < 0.022 after 
4, 12 and 26 weeks), with a significant improvement of storage and voiding symp- 
toms and QoL. Combination therapy was well tolerated and improved erectile func- 
tion. The main side effects of PDESI reported were flushing, gastroesophageal 
reflux, headache, dyspepsia, back pain, and nasal congestion, with a discontinuation 
rate of 2% [126]. Phosphodiesterase 5 inhibitors are contraindicated in patients 
using nitrates, the potassium channel opener nicorandil, or the «1-blockers doxazo- 
sin and terazosin. They are also contraindicated in patients who have unstable 
angina pectoris, have had a recent myocardial infarction (<3 months) or stroke (<6 
months), myocardial insufficiency (New York Heart Association stage >2), hypo- 
tension, poorly controlled blood pressure, significant hepatic or renal insufficiency, 
or if anterior ischemic optic neuropathy with sudden loss of vision is known or was 
reported after previous use of PDESIs [123]. The use of PDESIs can be indicated in 
men without specific cardiovascular risk factors, with moderate-to-severe LUTS, 
with or without erectile dysfunction to improve LUTS and quality of life, but not, or 
only slightly, the maximum peak flow. 
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6.7.5 Plant Extracts: Phytotherapy 


Herbal drug preparations are made of roots, seeds, pollen, bark, or fruits [46]. There 
are single plant preparations (mono-preparations) and preparations combining two 
or more plants in one pill (combination preparations). The most widely used plants 
are Cucurbita pepo (pumpkin seeds), Hypoxis rooperi (South African star grass), 
Pygeum africanum (bark of the African plum tree), Secale cereale (rye pollen), 
Serenoa repens (syn. Sabal serrulata; saw palmetto) and Urtica dioica (roots of the 
stinging nettle) [127]. Possible relevant compounds include phytosterols, 
R-sitosterol, fatty acids, and lectins [127]. In vitro, plant extracts can have anti- 
inflammatory, anti-androgenic and estrogenic effects; decrease sexual hormone 
binding globulin; inhibit aromatase, lipoxygenase, growth factor-stimulated prolif- 
eration of prostatic cells, a-adrenoceptors, 5 a-reductase, muscarinic cholinocep- 
tors, dihydropyridine receptors and vanilloid receptors; and neutralize free radicals 
[127-129]. The effects in vivo of these compounds are uncertain, and the precise 
mechanisms of plant extracts remain unclear. Most of the data on these plant extracts 
regard Serenoa repens, Pygeum africanum, and Secale cereale showing some posi- 
tive effects on nocturia and maximum flow rate, with only some poor relevant gas- 
trointestinal side effects [130-134]. Thereby, these treatments may be offer only to 
men with mild urinary symptoms. 


6.8 Surgical Treatments 
6.8.1 General Considerations 


Surgical treatments should be accurately counseled in men with coexisting BOO 
and OAB. Surgical approach is usually indicated for male nonresponders to phar- 
macological therapy, not fit for conservative management due to the side effects, or 
with severe urinary symptoms and/or obstruction condition who request a treatment 
as resolutive as possible. Patients should be counseled on the possibility that storage 
symptoms could be persistent or return after surgical procedures. 

It is known that surgical treatments (transurethral prostate resection, prostatec- 
tomy, laser vaporization, laser enucleation) are well effective on voiding obstruc- 
tive symptoms, but less successful on the OAB symptoms [46]. Transurethral 
prostate resection (TUR-P) is still the gold standard, despite the introduction of 
new endoscopic/surgical techniques [46]. After surgical treatments, in a short-term 
follow-up (1 year) urgency persist in half of the males, while urgency urinary 
incontinence continues in one-third of the patients [135]. In long-term follow-up, 
after transurethral prostate resection (TURP), OAB symptoms returned in up to 
two-thirds of the males [22]. Detrusor overactivity reduced after surgical proce- 
dures to 30% in males assessed at 5-years follow-up. Urodynamic investigations 
uncovered that long-term failure of surgical treatments was associated with 
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detrusor overactivity in 64% of the men [136]. Thereby, in males with concurrent 
BOO and OAB, an accurate counseling should be performed explaining the risk of 
failure of surgery for the symptoms of overactive bladder, despite the success for 
the voiding obstructive symptoms. 
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Overactive Bladder and Female Stress 7 
Urinary Incontinence 


Marco Soligo and Alessandro Giammo 


7.1 An Overview on “Urethrogenic” Mixed 
Urinary Incontinence 


Alessandro Giammo 


Mixed urinary incontinence (MUI), according to ICS [1], is “the complaint of invol- 
untary leakage associated with urgency, and also with effort, exertion, sneezing and 
coughing”. MUI is a common finding among female patients who report urinary 
incontinence (UI) and is estimated to affect up to 50% of these patients older than 
60 years [2]. 

Overactive bladder (OAB) is a condition that can explicate various pathologic 
mechanisms. Once evident causes of OAB syndrome, such as medullary lesions, 
other neurological conditions or a not-indagated bladder outlet obstruction (BOO) 
are excluded, OAB is categorized as “idiopathic.” Therefore, the treatment is very 
often symptomatic and do not aim at resolving the underlying cause. The pathologic 
mechanisms of “idiopathic” OAB have been widely investigated in literature [3]. 
Several pathologic mechanisms have been proposed, such as a myogenic detrusor 
dysfunction, urothelial dysfunction, or a dysregulation of the signaling to the blad- 
der from the brain and the brainstem. Also, the role of sex hormones, vesical micro- 
biota and metabolic syndrome has been investigated. Those mechanisms are 
non-mutually exclusive. Among the others, one mechanism that combines stress 
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urinary incontinence (SUI) and OAB, therefore resulting in MUI, has been described 
by various authors as the “urethrogenic” or “urethrocentric” theory [4, 5]. Urethral 
incompetence is the foundation of the urethrogenic model and consists in a deficit 
of the urethral closure mechanisms resulting in improper urethral opening and urine 
leakage under strain. In fact, according to ICS, urethral function can be assessed 
during filling cystometry and “incompetent urethral closure mechanism” is defined 
as the “leakage of urine that occurs during activities which might raise intraabdomi- 
nal pressure in the absence of a detrusor contraction.” When the closure mechanism 
is partially incompetent, “urethral funneling” can be observed. It is defined as the 
opening of the proximal urethra during coughing or on Valsalva without urine leak- 
age [1]. According to the urethrogenic theory, the opening of the proximal urethra 
would also trigger a urethro-vesical reflex resulting in a bladder contraction and 
more severe urine leakage. The presence of the above-mentioned reflex was first 
described in the animal model by Barrington in 1931 (Table 7.1) [6] and was 
hypothesized to play a role also in human micturition in 1977 by DT Mahony and 
colleagues. The micturition process described by Mahony include 12 pelvic reflexes 
(Table 7.2) that operate between the detrusor, the urethra and the reflex centers in 
the brain stem and spinal cord. Three of the reflexes (9,10,11) origin from the ure- 
thral mucosa, are transmitted by pudendal nerve and are triggered by the presence 
of urine in the proximal urethra. Those reflexes would stimulate detrusor contrac- 
tion and would facilitate urethral relaxation in order to promote bladder emptying 
during micturition [7]. A study published by Jung et al. in 1999 confirmed in the 
murine model the correlation between SUI (simulated by urethral irrigation) and 
“detrusor instability.” In the study is described how urethral perfusion can induce 
detrusor contraction in rats, while intraurethral instillation with lidocaine could 
reduce bladder contraction frequency [8]. In 2003, studies by Shafik A. and 


Table 7.1 Urinary reflexes described in the animal model by Barrington 


| Reflex 
Efference center 


Pelvic nerves PMC 


Reflex | Trigger Response Afference 


1 Increasing Detrusor contraction | Pelvic nerves 

bladder filling 
2 Urethral flow Detrusor contraction | Pudendal 

nerves 


Pelvic nerves PMC 


Urethral Detrusor contraction | Hypogastric Hypogastric 
distension nerves nerves 
4 Urethral flow Urethral relaxation Pudendal Pudendal Spinal 
nerves nerves 
5 Bladder filling | Relaxation of Pelvic nerves | Pudendal Spinal 
urethral nerves 
rabdosphincter 
6 Bladder filling | Relaxation of Pelvic nerves | Pelvic nerves | Spinal 
urethral smooth 
sphincter 
7 Urethral flow Detrusor contraction | Pelvic nerves | Pelvic nerves 


PMC Pontine Micturition Center 
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Table 7.2 Micturition reflexes described by Mahony 
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Reflex Route Reflex 
number| Name Trigger Afferent Efferent center Function 
1 Sympathetic | Increasing Pelvic Hypogastric | Thoraco- | Storage of 
detrusor- detrusor nerves nerves lumbar urine 
inhibiting mural cord 
reflex tension 
2 Sympathetic | Increasing Pelvic Hypogastric | Thoraco- 
sphincter- detrusor nerves nerves lumbar 
constrictor mural cord 
reflex tension 
3 Perineo- Tension of | Pudendal Pelvic nerves | SMRC 
detrusor perineal and | nerves 
inhibitory pelvic floor 
reflex muscles 
4 Urethro- Tension of | Pudendal Pudendal Pudendal 
sphincteric trigone or nerves nerves nucleus 
guarding entry of 
reflex urine in the 
proximal 
urethra 
5 Perineo- Relaxation | Pudendal Lateral Medulla | Initiation of 
bulbar of perineal | nerves, reticulospinal |to micturition 
detrusor and pelvic sacrobulbar |tracts and SMRC 
facilitative muscles and | tracts pelvic nerves 
reflex increase in 
abdominal 
pressure 
6 Detruso- Increasing Pelvic Lateral Rostral 
detrusor detrusor nerves, reticulospinal | pons to 
facilitative mural dorsal tracts and SMRC 
reflex tension funiculus pelvic nerves 
T Detruso- Increasing Pelvic Pelvic nerves | SMRC Continuation 
urethral detrusor nerves of detrusor 
inhibitory mural contraction 
reflex tension and bladder 
8 Detruso- Increasing Pelvic Pudendal Pudendal | emptying 
sphincteric detrusor nerves nerves nucleus 
inhibitory mural 
reflex tension 
9 Urethro- Urine flow Pudendal Lateral Rostral 
detrusor across nerves and | reticulospinal | pons to 
facilitative urethral lateral tracts and SMRC 
reflex mucosa funiculus pelvic nerves 
10 Urethro- Urine flow Pelvic Pelvic nerves | SMRC 
detrusor across nerves 
facilitative urethral 
reflex mucosa 
11 Urethro- Urine flow Pudendal Pudendal Pudendal 
sphincteric across nerves nerves nucleus 
inhibitory urethral 
reflex mucosa 


(continued) 
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Table 7.2 (continued) 


Reflex Route _ 23 | Reflex | 

number| Name | Trigger | Afferent | Efferent | center | Function 

12 | Perineo- | Contraction | Pudendal Ventral Medulla | Cessation of 
| bulbar | of perineal nerves and |reticulospinal | to | voiding 
| detrusor | and pelvic sacrobulbar | tracts SMRC 
| inhibitory muscles tracts | | 


| reflex | | 


Reflexes 9,10,11 are triggered by the presence of urine in the proximal urethra. SMRC sacral mic- 
turition reflex center 


colleagues demonstrated how urethro-vesical reflex play a role also in human mic- 
turition physiology. In an experiment performed on healthy male and female volun- 
teers, urethral distension obtained with balloons filled with saline determined 
significant increase in vesical pressure. No significant vesical pressure response was 
found after local anesthesia of the urethra and the bladder [9]. On the contrary, 
another research demonstrated that interrupting the urethro-vesical reflex would 
result in difficult in bladder emptying. In the abovementioned study, 17 healthy 
volunteers were subjected to bladder filling with saline until urge and, during mic- 
turition, vesical and urethral pressures were recorded. At baseline conditions, all 
patients micturated as a continuous flow and no residual fluid was found. After 
urethral local anesthesia, bladder emptying was largely incomplete (with a mean 
residual fluid of 184 mL) and the urine flow was intermittent [4]. 

The relevance of proximal urethra in the pathogenesis of MUI is not only related 
to the detrusor reflex. Some studies underlined how the presence of urine in the 
proximal urethra can stimulate the local sensory receptors and the sensory nerves, 
resulting in irritative symptoms like urgency and urethral pain [10]. According to 
the latter mechanism, OAB syndrome in patients affected by bladder neck incompe- 
tence can exist also without detrusor overactivity (DO) demonstrated during urody- 
namic studies. 

The treatment of MUI is often a clinical challenge, because in many cases the 
outcome is suboptimal and a certain degree of UI can endure. As a treatment for 
mixed urinary incontinence, ICS guidelines [1] recommend an accurate dietary and 
fluid management associated to pelvic floor muscle training (PFMT) as a first line 
treatment. According to a Cochrane review published in 2010, PFTM is better than 
no treatment or placebo for women with stress, urge or mixed incontinence in par- 
ticular in low-grade incontinence [11]. Antimuscarinic or B3-agonist drugs can be 
administered as a second line treatment to control the irritative symptoms. It was 
demonstrated that antimuscarinic administration is effective on frequency and 
urgency in patients with MUI. The coexistence of SUI does not lower the effect of 
antimuscarinic drugs in reducing urgency incontinence episodes [12]. Duloxetine is 
a drug that has shown efficacy in women with UI without any demonstrated differ- 
ence between genuine SUI and MUI. A randomized-controlled trial published by 
Cardozo L et al. in 2010 on 2758 women affected by prevalent stress urinary incon- 
tinence demonstrated a significant objective and subjective continence 
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improvement in patients treated with Duloxetine 40 mg twice daily for 6 weeks 
compared to placebo. In the treatment group, the response rate was 50.6% com- 
pared to 31.2% of the placebo group. The main drawback of the treatment was the 
relatively high adverse events (AE) rate in the treatment group. The most common 
AEs were nausea, constipation, dry mouth, and headache [13]. Because of the rela- 
tively high rate of drug-related AEs, Duloxetine is not approved in the treatment of 
UI in the U.S by Food and Drug Administration (FDA). Oppositely, Duloxetine is 
available in the treatment of UI in Europe. The European Association of Urology 
(EAU) about urinary incontinence state that Duloxetine can be administered suc- 
cessfully in patients affected by urinary incontinence with no clear differences of 
outcomes between genuine SUI and MUI [14]. 

If a conservative treatment is not sufficient to adequately control UI, surgical 
therapies can be proposed. Stress incontinence surgery can be effective in treating 
both SUI and OAB symptoms. 

Several good-quality studies analyze the outcomes of MUS implant in the treat- 
ment of MUI: in a systematic review and meta-analysis by Jain P published in 2011, 
six randomized and controlled trials and seven prospective non-randomized trials 
were included. The aim of the study was to evaluate the effectiveness of MUS in the 
treatment of MUI. According to the study, there is evidence of persistent and good 
cure of stress component following MUS in women with MUI. The cure rate of SUI 
in these patients ranges from 85 to 97%. On the contrary, the data available regard- 
ing the cure rate of urgency component is variable and ranges from 30 to 85%. 
Moreover, most studies underline how the effectiveness of MUS implant on OAB 
symptoms are not persistent over time [15]. Also pubovaginal slings have shown 
efficacy in treating MUI: according to Fulford et al. the implant of pubovaginal 
slings in patients affected by MUI gives a 97% subjective cure rate of SUI while the 
subjective cure rate of urgency component was 69% [16]. 

Similarly, urethral bulking is a well-established surgical technique used to treat 
stress urinary incontinence in females. According to a Cochrane review published in 
2017 which collected 14 studies investigating the outcomes of urethral bulking in 
SUI, the effectiveness of urethral bulking is lower than other urinary incontinence 
devices, such as MUS. Nevertheless, it gives low complications, and, because of its 
scarce invasiveness, is generally well-accepted. Therefore, urethral bulking is a 
technique that can give optimal subjective outcomes when a proper preoperatory 
counseling is performed [17]. The EAU guidelines about urinary incontinence rec- 
ommend to inform patients about bulking agents, in particular, to women with SUI 
who request a low-risk procedure. On the contrary, little evidence is present in lit- 
erature about the efficacy of urethral bulking in the treatment of MUI and the avail- 
able data often refer to small-sized cohorts and retrospective and non-randomized 
studies [18]. One prospective, randomized, multicenter study published in 2014 by 
Sokol et al. enrolled 345 patients affected both by genuine SUI and MUI with preva- 
lence of SUI. The aim of this study was to demonstrate the non-inferiority of 
Bulkamid agent against Contingen. The improvement rate of Bulkamid and 
Contigen procedures were 53.2% and 55.4%, respectively. However, the difference 
of outcome between patients affected either by genuine SUI or MUI was not 
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evaluated [19]. Another observational study by Ivanovic et al. in 2017 evaluated the 
outcomes of urethral bulking with Bulkamid in 60 female patients complaining SUI 
or MUI with prevalence of SUI after previous MUS implant. In the study, the cure 
and improvement rate was 93.3% at 1 month follow-up, 88.3% at 6 months and 
83.6% at 12 months. No difference of overall continence improvement was observed 
between SUI and MUI and the resolution of OAB symptoms was described in 36%, 
47%, and 38.9% at 1, 6, and 12 months, respectively [20]. A recent study on 97 
female patients affected either by SUI or MUI and treated with the Bulkamid proce- 
dure reports an objective “dry” rate of 36.1% and “improvement” rate of 44.3% 
despite a high severity of incontinence at baseline. In the study, no difference of 
outcome was observed between patients affected either by SUI or MUI while the 
only significant predictor of worse clinical outcome was the incontinence severity at 
baseline. No relevant complication was reported [21]. 

The studies available in literature generally approach MUI as a syndromic entity 
and do not investigate the underlying pathologic mechanism that could influence the 
effectiveness of the therapy. Inversely, in recent years is taking hold the idea that the 
approach to UI should be tailored on every patient [3]. The treatment proposed 
should consider the needs and expectations of the patient and should aim to treat the 
underlying mechanisms of incontinence rather than the mere symptom. 

Conforming to the “urethrogenic” pathological model, the interruption of the 
urethro-vesical reflex can explain the effectiveness of SUI surgery also on OAB 
symptoms. Preventing the improper flow of urine through the proximal urethra 
under strain would interrupt the urethro-vesical reflex in patients with urethral 
incompetence. Therefore, the pathologic mechanism causing the dysfunction would 
be cured, resulting in the resolution of both the stress and the irritative symptoms. 
Randomized studies are needed in order to demonstrate the correlation between the 
surgical proximal urethra closure in patients with MUI and the resolution of the 
symptoms. Furthermore, in our opinion, the most suitable technique is urethral 
bulking because, unlike MUS, it acts specifically on the bladder neck and can pro- 
vide an optimal bladder neck closure. 


7.2 A Counterview on“Urethrogenic” Mixed 
Urinary Incontinence 


Marco Soligo 


Women complaining of mixed Urinary Incontinence (MUI) harbor a wide range of 
conditions. The current ICS definition simply describes their manifestations and has 
already been recalled [1]. 

The process of interpretation of the underlying pathophysiology represents an 
effort to categorize and classify. It ranges from a simple summation of the various 
mechanisms described for Urinary Stress Incontinence (USI) [22] and Overactive 
Bladder (OAB) [3] at one side, to the suggestion of a different unifying hypothesis 
at the other extreme of the range. This process represents an oversimplification of 
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the complexity of the phenomena under investigation. To be honest in many cases 
this effort seems more like an attempt to justify the effects of available treatments, 
rather than a true understanding of the original pathophysiology. 

Anyway, in real life the final clinical manifestation of a dysfunction is the result 
of an equilibrium between various mechanisms in action; every patient presents a 
singular combination of different factors. In functional urology clinicians should 
develop a peculiar attitude through a comprehensive investigation of the single 
patient to display a pathophysiological understanding of the disorder. In this view 
the treatment can be interpreted as an iatrogenic interference intended to positively 
modify the equilibrium. Clear knowledge of theoretical models is therefore crucial 
also in clinical practice. 

The reviews from de Vries et al. [22] and Peyronnet et al. [3] comprehensively 
describe the present understanding both for SUI and OAB. On the opposite side of 
the range the unifying hypothesis of the urethrogenic model has the value to attempt 
describing the closer interplay between different factors. 

According to the urethrogenic theory, the opening of the proximal urethra repre- 
sents the key element to trigger a number of reflexes, clearly described by Barrington 
first (Table 7.1) and Mahony subsequently (Table 7.2). These urethro-vesical 
reflexes operate between the detrusor, the urethra and the reflex centers in the brain 
stem and spinal cord, resulting in a bladder contraction to promote voiding. 

In reality a parallel mechanism deploys in close proximity to the urethra: the 
ano-rectal complex. A quick view at this system could be informative. 

Differently from the urethro-vesical system the ano-rectal canal deals with a 
physically changing content, being it gas, liquid, or solid in various mixed combina- 
tions. The capability to discriminate the content is a peculiar task for the lower 
digestive tract. To accomplish with this commitment, a special reflex ability has 
been developed by the anal canal, that is the Recto Anal Inhibitory Reflex (RAIR): 
an instant smooth muscle (internal anal sphincter) relaxation in response to a rectal 
distension to allow for the content to came in contact with the mucosa of the upper 
anal canal; a contemporary striated muscle (external anal sphincter) contraction to 
maintain continence is part of the reflex. The mucosa of the upper anal canal is 
extremely rich of sensitive nervous termination bearing the capability to discrimi- 
nate the quality of the content [23]. The opening of the upper anal canal intervenes 
physiologically as an average seven times per hour, and is part of the constant dia- 
logue between peripheral nerve fibers terminations and upper decisional centers 
within the brain. In the context of the physiology of defecation opening the upper 
part of the anal canal represents the preliminary step to promote voiding. In this case 
a qualitative sampling reflex prompts the necessary central awareness to assist the 
voluntary control over defecation. 

Opening the bladder neck and proximal urethra can be considered a similar phys- 
iological mechanism? The urinary system doesn’t need to discriminate the content, 
rather opening the upper urethra simply conveys the information of a full bladder. If 
not stopped by a bladder neck and proximal urethra contraction (which empties the 
proximal urethra), the persistent contact of urine media with proximal urethral 


94 M. Soligo and A. Giammo 


mucosal receptors elicits all the above-mentioned reflexes resulting in, or better say, 
prompting and amplifying a complete voiding. 

It is simply evident that any anatomical and/or neuromuscular defect, involving 
smooth muscles of the trigone, bladder neck and proximal urethra, but also sur- 
rounding striated muscles (urethral sphincter and puborectal muscles) and support- 
ive connective tissues, can interfere with the above described mechanism; moreover 
also urothelial alterations (chemical, microbiological, etc.) within this area have the 
power to alter sensations and reflexes involved in voiding. 

As clearly described by Mahony et al. [7] a complex sequence of reflexes can 
assist urinary voiding. A structural (anatomical or functional) defect within the sys- 
tem has the power to alter the equilibrium within the sequence. The system can 
intrinsically compensate defects, but within certain limits. 

What is currently hardly understood is the fact that a muscular/muscle-fascial 
structural/functional defect is not simply a matter of power deficit in a mechanism 
finalized to tightly seal a system. Muscular defects are a missing action within a 
complex reflex sequence: this is much more a problem. 

In this light the role of the striated sphincter muscle and corresponding pelvic 
floor muscles have to be intended in the pathogenesis of Mixed Urinary Incontinence. 
They represent a coordinated system that guarantees continence via a constant tone 
at rest, thanks to the constant activity of slow-twitch fibers, but with the peculiarity 
of increasing their tone within milliseconds as a reflex action to increasing pressure 
via their content in fast-twitch fibers. Unfortunately, many conditions can affect this 
capability by decreasing the number of muscular fibers or their neuro-muscular cou- 
pling (obstetric trauma, vascular injuries, ageing process) leading to a reduced per- 
formance both in terms of speed and/or power of the response. This mechanism 
highly interferes with the complex reflex mechanism that control voiding and con- 
tinence [22]. 

In Mixed Urinary Incontinence muscolo-fascial defects can alter the contribution 
to reflexes designed to open and close the proximal urethra. Funneling of the upper 
part of the urethra exposes sensory receptors to constant stimuli altering the urge 
perception and possibly leading to reflex urge incontinence. 
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Maria Angela Cerruto and Alessandro Tafuri 


8.1 Introduction and Definitions 


Underactive bladder (UAB) describes a clinical condition related to the presence of 
detrusor underactivity (DUA) [1] representing a cause of dysfunctional voiding [2]. 
DUA is defined by the International Continence Society (ICS) as “a contraction of 
reduced strength and/or duration, resulting in prolonged bladder emptying and/or 
failure to achieve complete bladder emptying within a normal time span” [3]. 

In 2015 Chapple et al. proposed a working group for the categorization of UAB 
which proposed the following definition in relation to the urodynamic finding of 
DUA as “a symptom complex suggestive of detrusor underactivity and is usually 
characterized by prolonged urination time with or without a sensation of incom- 
plete bladder emptying, usually with hesitancy, reduced sensation on filling, and a 
slow stream” [4]. 

In 2017, the Congress on UAB, re-defined UAB as “a symptom complex sugges- 
tive of detrusor underactivity and is usually characterized by prolonged urination 
time with or without a sensation of incomplete bladder emptying, usually with hesi- 
tancy, reduced sensation on filling, slow stream, palpable bladder, always straining 
to void, enuresis, and/or stress incontinence” [5]. 

The diagnosis of DUA is urodynamic requiring invasive pressure flow studies 
(PFS) for a correct diagnosis. However, precise measures of “normal” strength of 
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contraction and “contraction duration” have not been provided, and the absence of 
standardized diagnostic criteria can cause conflicts and confusion [1]. 

The reported prevalence of UAB according to arbitrary urodynamic criteria used 
in several studies is 25—48% and 12—24% in elderly men and women with lower 
urinary tract symptoms (LUTS) respectively [6]. This is a not-negligible prevalence 
if we consider that LUTS are present in 45.7% of men and 66.8% of women consid- 
ering the large population studies [7]. 


8.2 Physiopathology 


For an accurate understanding of UAB physiopathology it is important to link the 
symptom “UAB” with objective function “DU” and then to the tissue-cellular- 
molecular contributors to DUA [8]. 

It is known that physiological voiding requires an adequate intravesical pressure, 
resulting from the force of coordinated detrusor myocytes’ contraction. The balance 
between pressure and flow is determined by the degree to the urethral sphincter’s 
distention in the absence of anatomical obstruction in response to the bladder 
pressure during voiding. Contractile force must be sufficient and durable to maintain 
urethral opening, and therefore a flow ensuring bladder emptying [2]. An insuffi- 
ciency of strength and/or duration resulting in prolonged emptying and/or achieve 
complete bladder emptying within a normal time period de dines detrusor 
underactivity [1]. 

Detrusor underactivity may occur secondary to several conditions affecting sepa- 
rately or concomitant, both the detrusor muscle (myogenic causes) and the central 
and peripheral innervation (neurogenic causes) of the lower urinary tract. The 
central system and the neural axis controlling the detrusor contraction mechanisms 
are complex, and multiple abnormalities in that pathway can cause impairment of 
detrusor contraction and result in DUA [1]. 


8.2.1 Detrusor Muscle Activity Damage 


Several pathological conditions can affect detrusor muscle activity. Those may 
involve the myocytes or other constituents, or the contractile function even if the 
neural axis is apparently intact. Impaired detrusor contractility was reported to be 
associated with distinctive and reproducible changes in detrusor ultrastructure, and 
was demonstrated that urodynamic behaviour mirrors the ultrastructure detrusor 
alterations which occur in UAB patients [9]. Microscopically, it was found a disrup- 
tion muscle cells’ profile involving the sarcolemma, sarcoplasm, or cell organelles 
in UAB patients underwent endoscopic bladder biopsy in addition to the axon 
degeneration. Particularly, studies conducted with the use of electron microscopy 
showed a shrivelled appearance and sarcolemma breakdown, as well as deposition 
of debris and collagen in the interstitium [10]. The concentration of cells with dis- 
ruptive profiles was fourfold higher in UAB patients compared to the control [11]. 
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These changes provide a reduced response to electrical stimulation, and the replace- 
ment of the detrusor muscle with fibrous connective tissue. It still has to be deter- 
mined if this specific degeneration pattern and structural abnormality is the 
consequence or the outcome of the DUA. However, all these alterations may result 
from either altered excitation-contraction-coupling mechanisms of detrusor muscle, 
change in the storage-exchange mechanism, change in the calcium storage and 
energy generation [1, 12]. 

Furthermore, the aetiology of DUA may be a consequence of bladder volume 
sensitivity disorder (hyposensitivity during filling). Volume sensory transduction 
starts with the non-neuronal release of neurotransmitters from the urothelium, act- 
ing on sub-urothelial components resulting in the generation of afferent circuit 
directly related to both volume and the volume-induced tensions in the bladder 
wall [8]. 

Metabolic conditions such as Diabetes Mellitus (DM) impair proper muscle 
contractility altering intracellular signalling and the expression of specific cellular 
transmitters and receptors. Additionally, DM increases the production of oxidant 
agents and their serum concentration causing also changes in detrusor microenvi- 
ronment due to oxidative stress. In this way, DM may also impair bladder sensation 
and contractility impairing efferent and afferent circuits through a urothelial dam- 
age as well as transmitters’ and receptor reconfiguration [1, 10, 13, 14]. 

When voiding resistance is increased in the presence of bladder outlet obstruc- 
tion BOO the detrusor muscle compensated with hypertrophy and its blood supply 
increased. Here the ischemic-reperfusion injury may be present, resulting in the 
generation of reactive oxygen species that lead to damage of the myocytes, with 
impairment of cellular contractile function. Specifically, with the persistence of this 
situation, the bladder is not able to adequately compensate the resistances. 
Histologically, the muscle shows evidence of increased connective tissue deposition 
which replace myocytes with a related contraction alteration [10]. 


8.2.2 Neurogenic Damage 


Underactive bladder may be the result of several changes in afferent and efferent 
function, as well as damages of central nervous circuits. Impairment of efferent 
signalling in the peripheric pelvic nerves, sacral cord, sacral roots, may hesitate in 
detrusor dysfunctions [10]. Bladder afferent signals reach the spinal cord to the 
periaqueductal grey system. From here, those neurons make synapses with the lim- 
bic system within the cerebrum, which normally exerts an inhibition on the pontine 
micturition centre. At this point, a physiological bladder filling has a pivotal role in 
the normal function of the efferent micturition reflex. As previously depicted, the 
afferent circuit monitors the bladder filling volume during the storage phase. When 
the voluntary signal to void permission is given, there is a redaction of the cerebral 
inhibition of the periaqueductal grey system. At this time, the afferent system moni- 
tors the grade of detrusor contractions during voiding [1, 2, 10]. Urethral afferents 
also have a major role in the perception of flow through the urethra. The central 
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nervous system, therefore, integrates and fine-tuning of both storage and voiding 
function. When it is subject to any local, systemic, internal, or iatrogenic dysfunc- 
tion it may result in dysfunctional voiding such as DUA [1, 2, 10]. 

Several conditions can affect the bladder control nervous system at different lev- 
els. Cerebral-vascular injuries may hit the central nervous system and cause con- 
traction detrusor alterations and DUA. Additionally, neurological diseases as 
Parkinson, multiple sclerosis, multisystem atrophy can give central and or peripheric 
damage impairing detrusor contraction and causing DUA. Iatrogenic events as pel- 
vic surgery can also provide a pelvic nervous plexus alteration causing DUA [10]. 

Chronic diseases such as DM can be a cause of bladder efferent and afferent 
denervation, demyelination of afferent pelvic nerves and chronic ischemia. It is evi- 
dent that DM may impair bladder sensation and contractility through a variety of 
myogenic and neurogenic mechanisms. The control of the disease is essential in 
avoiding the symptoms of DUA [1, 10, 13, 14]. 


8.2.3 Receptors Expression and Drugs 


The detrusor contraction is mediated by acetylcholine via M2, M3, and M5 musca- 
rinic cholinergic receptors on detrusor myocytes. Their activity is mediated by a 
G-protein—calcium channel mechanism. M2 receptors are the most numerous (with 
up to 75% prevalence), but M3 receptors have a pivotal role and mediate directly the 
detrusor contraction [15]. On the other hand, detrusor relaxation is achieved via 
activation of the pontine continence centre and the downstream sympathetic action 
of norepinephrine on B-2 and f-3 adrenergic receptors. This elicits a G-protein- 
potassium efflux-dependent mechanism that relaxes the detrusor and prevents con- 
traction [15]. 

Many drug classes can impair the detrusor contraction causing UAB. Among 
these, anticholinergic drugs as antimuscarinics, antihistamines, antipsychotics, anti- 
Parkinson medications, antispasmodics, and tricyclic antidepressants are the more 
relevant, inhibiting M3 receptors and impaired detrusor contraction [10]. 

Some evidences suggested an alteration of the normal receptors’ expression in 
patients with DUA. Specifically, in these patients it was found a lower expression of 
muscarinic receptors (M2 and M3), P2X3 receptors, and endothelial nitric oxide 
synthase. Conversely, there was a higher expression of the B-3-adrenoceptor. The 
results suggest that in patients with DUA, there is significant urothelial dysfunction, 
increased sub-urothelial inflammation and apoptosis, and altered sensory protein 
expression [16]. 

Other authors found that in the murine model, serotonin infusion evoked bladder 
contractions in anaesthetized rats and this effect was abolished by urethral anaesthe- 
sia and serotonin receptor blockade. By contrast, serotonin infusion into the bladder 
did not elicit any contractile response. Thus, impairment of a urethra-vesical reflex 
mediated by serotonin may be implicated in DUA and could potentially be modu- 
lated to therapeutic benefit. This may explain the effects of serotonin re-uptake 
inhibitors (antidepressant) in causing UAB [16]. 
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Additionally, opioid drug may be cause of UAB. The opioid receptors p and ô 
have urodynamic effects. In general, opioids have been shown to increase the 
sphincter tone of the urinary bladder via sympathetic overstimulation, resulting in 
increased bladder outlet resistance. Opioids also partially inhibit the parasympa- 
thetic bladder innervation, resulting in a decreased sensation of fullness. Combined, 
these effects may increase the risk DUA and UAB in opioid users (or abusers), or 
after local-regional anaesthesia [17]. 


8.2.4 Idiopathic UAB 


When UAB is not derivate from any internal or iatrogenic known disturbances caus- 
ing DUA affecting bladder muscular contractile ability, or neurogenic control, it 
could be defined “idiopathic DUA” (TUAB). 

This is strongly related to “idiopathic impaired detrusor contractile function” and 
its urodynamic definition is “free of evident neuropathy, free of functional or ana- 
tomic BOO, a low or no detrusor pressure (Pdet) combined with a maximum flow 
(Qmax) of less than 10 mL/s, and a large PVR of more than 150 mL or urinary 
retention” [1]. 

Idiopathic DUA has been described to occur in nearly 75% of women between 
55 and 80 years and in a great number of them there was a history of recurrent acute 
uncomplicated cystitis, suggesting a role in alteration of ratio of muscle and colla- 
gen fibres [18]. 

It was found to have a two-phase development in men: first a phase of low detru- 
sor contraction velocity occurring even several months before a decrease in detrusor 
contraction strength [19]. 

Among the causes of [UAB some conditions as aging (when the above reported 
clinical situations are not present), Fowler’s syndrome and dysfunctional voiding 
need to be considered. 


8.3 Aging 


During aging process, many changes occur in the lower urinary tract. Impaired 
voiding function has an age-related prevalence, and animal studies suggest that mul- 
tiple risk factors including: lack of oestrogen, infection, inflammation, may contrib- 
ute to DUA with aging [20]. It has not been conclusively demonstrated that an 
age-related decrease of detrusor contractility is a primary contributor to the impair- 
ment of bladder emptying. Indeed, clinical studies found that histological change in 
underactive bladder patients who underwent to bladder biopsy did not correlate with 
age [11]. On the other hand there was evidence for a decline of functional bladder 
innervation with age [21]. However, it is known that neurological and vascular dys- 
functions had a higher prevalence during the human aging process. For example, 
pelvic arterial insufficiency may lead to impaired lower urinary tract perfusion play- 
ing an important role in the bladder dysfunction development. In addition, all the 
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above-mentioned neurological, vascular and metabolic diseases are more prevalent 
during the aging and can load bladder dysfunction such as UAB. 


8.4 Fowler’s Syndrome 


Fowler’s syndrome was first described in 1988 and is a form of urinary retention in 
young women caused by a poorly relaxing external urethral sphincter associated 
with polycystic ovaries. Very little data are available regarding the incidence of this 
syndrome, and its peculiar sign is an abnormal form of electrical activity on concen- 
tric needle electromyography of the external urethral sphincter [22]. In Fowler’s 
syndrome, the urethra generates abnormally strong afferent signals that converge on 
the sacral cord, which leads to inhibition of bladder afferent activity and conse- 
quently deactivation of the PAG and higher brain centres. A functional neuroimag- 
ing study used positron emission tomography in one group of health patients 
founding that bladder fullness enhanced activity in the PAG and limbic cortical 
regions. On the contrary, women with Fowler’s syndrome had no significant mid- 
brain activity, but did have enhanced limbic cortical activity [23]. The primary uro- 
dynamic findings of Fowler’s syndrome are poor sensation, large bladder capacity 
and DUA as a consequence of increased urethral afferent activity, which inhibits 
bladder afferent signals from reaching the brain by potentiating a spinal continence 
system [22]. 

In this contest, Sacral neuromodulation was demonstrated to restore normal 
voiding in patients with Fowler’s syndrome, working by restoring afferent transmis- 
sion to the brain [22]. 


8.5 Dysfunctional Voiding 


The failure of any of the synergic detrusor-sphincters voiding mechanisms may lead 
to voiding dysfunction, and consequently urinary retention. Specifically, female 
dysfunctional voiding (FDV) is considered a learned behaviour. It is defined as an 
intermittent and/or fluctuating flow due to involuntary intermittent contractions of 
the periurethral striated or elevator muscles during voiding in neurologically normal 
women [2]. It occurs in up to 2% of adults referred for urodynamic assessment [24]. 
However, the variability related to definition and methodology adopted in the differ- 
ent studies need to be considered. Choi et al. defined voiding dysfunction as maxi- 
mum flow rate (Qmax) of 15 mL/s or less, which may be due to either BOO or 
bladder dysfunction caused by detrusor underactivity. BOO was defined as Qmax 
less than 15 mL/s with detrusor pressure greater than 20 cmH,O at Qmax, and 
detrusor underactivity was defined as Qmax less than 15 mL/s with detrusor pres- 
sure greater than 20 cmH,O at Qmax on pressure flow studies [25]. 

Dysfunctional voiding may result from persistent infantile or foetal voiding pat- 
terns. These may be developed due to inappropriate toilet training, or as a response 
to urgency or pelvic discomfort. Initiating urgency could be due to detrusor 
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overactivity or urinary infection. Accompanying constipation may aggravate uri- 
nary symptoms [26]. 

Adult women with FDV often present with a history of voiding difficulty or 
unexplained retention. It is thought to represent a learned behaviour in response to 
an adverse event or condition such as inflammation, infection, trauma or irritation in 
childhood or adult life. Patients might have difficulty in initiating a void in public 
places, or might need physical or mental cues to void, such as the sound of running 
water or the need to ‘deliberately’ relax themselves [2]. 


8.6 Conclusions 


Any alteration of the anatomical structures involved in the bladder physiology can 
impair the detrusor function and load underactive bladder. Neurological, metabolic, 
and functional diseases may cause specific neurological and muscle alterations 
implicated in the UB physiopathology. When the cause is not clear, UAB can be 
defined “idiopathic” which can be related to several conditions. The better under- 
standing of physiopathology of underactive bladder and detrusor underactivity has 
a pivotal role in their diagnosis and treatment. 
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9.1 Introduction 


Many individuals complain of lower urinary tract symptoms (LUTS), which can be 
classified into symptom syndromes: underactive bladder (UAB) with voiding LUTS 
is one of these syndromes, and overactive bladder (OAB), with storage LUTS is 
another very common syndrome [1]. However the association between the symp- 
toms of UAB and the urodynamic diagnosis of detrusor underactivity (DU) is vari- 
ably reliable. While the association between OAB and detrusor overactivity (DO) is 
closer in men than in women [2], but this is not so for UAB and DU in either men 
or women [3, 4]. 


9.2 Clinical Findings 


As UAB definition is the subject of on-going debate, diagnostic criteria of UAB are 
not yet established, nor are the urodynamic correlates of this syndrome well com- 
prehended. UAB includes clinical definitions based on LUTS and signs that do not 
rely on urodynamic criteria. In 2016, an International Continence Society (ICS) 
working group defined the UAB syndrome as characterised by a slow urinary 
stream, hesitancy, and straining to void, with or without a feeling of incomplete 
bladder emptying and dribbling, often with storage symptoms [5]. However, the 
ICS did not precisely classify DU based on any specific urodynamic/functional 
findings or causative physiology or underlying aetiology (e.g. idiopathic or neuro- 
genic), as is the case for DO [5]. Therefore DU is defined as a contraction of reduced 
strength and/or duration, resulting in prolonged bladder emptying and/or a failure to 
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achieve complete bladder emptying with a normal time span [5]. Many alternative 
terms were considered in order to define the non-obstructive bladder voiding dys- 
function, such as detrusor areflexia [6], hypotonic bladder [7], detrusor or bladder 
failure [8], but as none is appropriately specific to the voiding phase of bladder func- 
tion, so they could be all inappropriate. Although it is established that diagnosis of 
DU is primarily urodynamic, the first approach to the problem consists of collecting 
clinical symptoms, and on this basis UAB has finally been accepted as a new clini- 
cal concept to be studied [9]. 

The main diagnostic flow results from integrated methods and comprises symp- 
tom collection, medical history, bladder diary, urological physical examination, uri- 
nalysis, uroflowmetry with post void residual (PVR), invasive urodynamic pressure/ 
flow study (PFS). 

Unlike OAB, the symptomatology diagnosis of UAB is not easy because of the 
presence of overlapping symptoms as stated by ICS definition; it can be often prob- 
lematic to distinguish UAB from OAB or BOO [10]. 

Abnormal detrusor activity in the voiding phase does not exclude the presence of 
DO in the storage phase. Recently the 2019 ICI-RS defined the coexistent overactive- 
underactive bladder (COUB) syndrome as a real clinical syndrome characterised by 
coexisting storage and voiding symptoms in the same patient, without implying any 
specific urodynamic/functional findings or causative physiology; these symptoms 
are suggestive of urodynamic demonstrable coexistent detrusor overactivity/under- 
activity, but can be caused by other forms of urethro-vesical dysfunctions [11]. 

Medical history may give many details about bowel habit, other comorbidities, 
any previous acute retention episode or chronic retention signs, past surgery with 
possible denervation, previous TURP or BOO surgery, recurrent urinary tract infec- 
tions or prostatitis, current use of medications that can alter bladder contractility 
(antimuscarinic agents, alpha-agonists, antibiotics, calcium channel antagonists, 
antispasmodics, H2 antagonists, benzodiazepines/neuroleptics, SSRIs, 
ACE- inhibitors). 

Bladder diary (at least 3 days) represents the first tool to approach a man with 
voiding symptoms, reporting number of day voids, nocturia episodes, max time 
between voids, voided volumes. 

Urological physical examination should assess abdomen, external genitalia and 
prostate gland by digital-rectal examination. Both a distended palpable bladder (uri- 
nary retention) and prostatic enlargement may be revealed. In neurologic men the 
most characteristic features are elicited on careful neurologic examination: sensory 
loss in the perineum or perianal area is associated with S2-S4 dermatomes. The 
extent of perineal anaesthesia can be a useful predictive clinical index in patients 
with lumbar disc prolapse. If saddle anaesthesia of the S2-S4 dermatomes continues 
after surgical laminectomy and decompression, the urinary bladder rarely recovers. 
Deep tendon reflexes in the lower extremities, clonus, and plantar responses, as well 
as the bulbo-cavernosus reflex, should be routinely evaluated. 

Laboratory tests should include urinalysis and/or urine culture. If UAB is a 
symptom syndrome, the main indicator of suspected DU is PVR: it is significant if 
>40% of the bladder capacity (voided volume + PVR), and in real life practice it 
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must be always measured (by ultrasound or transurethral catheterization) [12]. 
Typical voiding symptoms due to UAB are often common symptoms seen in patients 
affected by bladder outlet obstruction (BOO): uroflowmetry (relevant parameters: 
max urinary flow rate-Qmax, Voided Volume, PVR) is a good diagnostic test for 
BOO, and it does not distinguish between BOO and DU, but it can exclude a raised 
PVR and urinary retention (UR) [13]. 

Imaging procedures (urinary tract ultrasound) or cystoscopy may support diag- 
nosis of BOO or UAB; anyway, ultrasound and cystoscopy findings of obstruction 
(prostate enlargement, increased bladder wall thickness, urethral stricture, divertic- 
ula, etc.) does not predict who will better progress after prostate surgery. In men 
many studies have focused on benign prostatic enlargement as the cause of BOO 
and voiding symptoms, although 10-20% of patients with low flow presents DU: 
the relationship between BOO and DU is not well known, but it is possible that 
BOO leads to DU in some man after the impaired contractility consequence of per- 
sistent BOO [14]. As a matter of fact, in non-neurogenic patients DU at PFS is pres- 
ent in 9-28% of men <50 years of age up to 48% in men >70 years [14]. 


9.3 Urodynamic Testing 


The challenge with the diagnosis of UAB is that there is no distinct essential symp- 
tom such as urgency in OAB [15]. Nor is there any specific urodynamic finding for 
UAB. DU revealed by PFS is not specific for UAB. Furthermore, there are many 
drawbacks involved in the definition of DU, since parts of the urodynamic defini- 
tion, such as reduced strength or prolonged duration or normal time span, have not 
been defined and may be age and/or gender related [16]. 

A past ICI-RS Think Tank discussed definition of UAB and DU, and the similari- 
ties and differences compared to OAB and DO [17]. It was established that not all 
patients with OAB or UAB have DO or DU, and not all patients with DO or DU have 
increased or decreased bladder tissue contractility, respectively. Increased or 
decreased contractility and muscle strength are not specific urodynamic findings and 
refer to the contractile responses of bladder strips in isometric tension studies [17]. 

It is not practical and common for all patients affected by UAB symptoms to 
undergo urodynamic studies. Usually in case of non response to treatment, or wors- 
ening symptoms after OAB medications, or COUB symptoms, especially with PVR 
>150 mL, the clinician should suspect DU. Definitively an invasive PFS is the only 
conclusive method to diagnose DU. PFS can help with the identification of obstruc- 
tion (BOO) and its severity, as indicated by detrusor pressure at max urinary flow 
(PdetQmax), and a high voiding pressure with low flow is usually showed. During 
PFS, a typical finding of DU is low PdetQmax combined with slow intermittent flow 
and incomplete bladder emptying. Inadequately sustained detrusor contraction dur- 
ing voiding can be evidenced with minimal bladder contractility, no voided volume, 
abdominal straining. Video-assisted urodynamic studies may be necessary for fur- 
ther investigations in pre-operative settings or for more complicated cases in order 
to assess upper urinary tract. 
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Urodynamic assessment does not allow distinguishing whether one or both of the 
principal causative components (detrusor muscle or its innervation) are compro- 
mised. A PFS provides only a substitution measure for contractility, based on the 
pressure produced within the bladder that generates flow through a patient’s urethra. 
A real change in muscle contractility is defined as altered isometric contraction ten- 
sion, independent of resting muscle length, and measured directly using muscle 
strips [18]. Impaired detrusor contractility indicates a diminution in contraction 
strength, but it can be produced by decreased speed or reduced duration of 
contraction [14]. 

There is a wide disparity in the urodynamic criteria in reported clinical trials 
based on the measurement of detrusor activity with the contraction strength (not 
sustainability or speed of contraction), and based on the estimation of strength with 
normal range of Qmax and PdetQmax. Threshold values in both cases are derived 
from studies on men undergone BOO surgical treatment [19]. So detrusor contrac- 
tile function may be evaluated during PFS by the required Pdet to expel urine 
through urethra, underestimating contractility because the contraction produces 
both flow and pressure [20]. Numerous methods were proposed to evaluate isovolu- 
metric detrusor pressure (Pdet.iso) during uninterrupted or interrupted voiding 
(Table 9.1) [21], and many of them have their basis on the bladder outlet relation 
(BOR) [19]: the inverse relation between pressure and flow, which is equivalent to 
the Hill equation for actively contracting muscle [22]. In a bladder, if outflow is 


Table 9.1 Urodynamic methods in detrusor underactivity (DU) 


Methods Advantages Disadvantages 

Bladder Contractility Easy to use Not validated in women 

Index (BCI) Estimation of isovolumetric | No measurement of contraction 
PdetQmax + 5Qmax contraction sustainability 

DU = BCI <100 


Watt factor 
WE = [(Pdet + a) 
(Vdet + b) — ab]/2x 


No influence by BOO 
Measurement of bladder 
power 


Complex mathematical calculation 
Difficult clinical use 

No measurement of contraction 
sustainability 

No validated thresholds 


Detrusor shortening 
velocity 


Identification of early stage 
DU 


Flow occlusion testing 
Voluntary stop test 
Mechanical stop test 
Continuous occlusion test 


Urodynamic cuts-off 
PdetQmax (<40 cmH;0) 
Qmax (<15 mL/s) 


Measurement of 
isovolumetric contraction 
strength 

No calculations 


Easy to use 


Impractical in sphincter weakness 
or elderly 

Painful for patients 

No measurement of contraction 
sustainability (continuous 
occlusion) 

Underestimate of isovolumetric 
pressure (stop test) 

No validated normal ranges 
Underestimate of contraction 
strength 

No consideration of coexistence of 
BOO and DU 
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stopped, the detrusor pressure reaches its highest possible value (Pdet.iso); when 
flow starts, pressure reduces and reaches a minimum value with flow at a maximum 
rate. Thus, the BOR can be explained by this mechanism. 

In order to differentiate between BOO and pure DU, a simple method was sug- 
gested by Schafer (1990) to assess detrusor contraction by drawing the linear pas- 
sive urethral resistance relation (linPURR) onto Schafer’s pressure/flow nomogram, 
whereby the peak of the PURR indicates the detrusor contraction strength [23]. The 
maximum Pdet.iso can be estimated using the point Pdet/Qmax, if the angle and 
curvature of the BOR are known. In this case, the BOR is represented by a straight 
line with a fixed angle (K) taken as 5 cmH,O/mL per second (benign prostatic 
hyperplasia [BPH] in male population); the Pdet.iso is then valued by projecting 
back to the y-axis (Pdet) in a line parallel to the BOR symbolised by the following 
formula (projected isovolumetric pressure [PIP]): PIP = PdetQmax +5Qmax [24]. 
Recommended threshold values for contraction strength are >150 indicating strong 
contraction; 100-150, normal contraction; 50-100, weak contraction; and <50, very 
weak contraction. By drawing the corresponding BORs on the pressure flow plot a 
contractility nomogram was created. If PIP >100 cmH,O means a normal contrac- 
tion strength, the actual PIP divided by 100 provides the detrusor coefficient 
(DECO), with <1 that indicates weak contraction [14]. 

In the Shafer nomogram a point in the lower left corner means DU without BOO, 
while the lower middle area represents BOO and DU; a point in the right lower 
corner signifies BOO with compensatory detrusor contraction with lower Qmax [23]. 

For male patients, BOO and DU can be quantified using the BOO index (BOOT) 
and the Bladder Contractility Index (BCI). In a man with BOOI >40 suggests 
obstruction; BCI >100 signifies normal contractility [25]. They rely on measuring 
Qmax and PdetQmax, which is the lowest pressure recorded at maximum measured 
flow rate [26]. 

Abrams (1999) defined BCI based on the PIP formula that distributes contractil- 
ity into three groups (strong >150, normal 100-150, and weak <100), as for DECO 
[24]. In men, a BCI <100 indicates DU with low-pressure, poorly sustained detru- 
sor contraction and low flow. Nevertheless, these methods do not measure contrac- 
tion sustainability. The BCT is simple and quick to calculate, and easily reproducible, 
but it is challenging because it does not consider the coexistence of DU and 
BOO [14]. 

The Watts factor (WF) is another measure of detrusor function: it calculates the 
power per unit of surface area of the bladder, corrected for the muscle power 
required for isometric contraction or for shortening against no load (formula: 
WF = [(Pdet + a)(Vdet + b) — ab]/2x; Vdet: detrusor shortening velocity, 
a = 25 cmH,0 and b = 6 mm/s, fixed constants by experimental and clinical stud- 
ies); it depends minimally on bladder volume and is not affected by the presence of 
BOO [26, 27]. The WF is associated to a wide variability, because Pdet and Vdet 
change during the voiding cycle; two numbers have been introduced to better repre- 
sent detrusor contractility: the maximum WF (WFmax) and the WF at the maxi- 
mum flow (WQmax). Although no normal value has been validated, WF > 7 W/m? 
indicates DU; it can be theorised that the WF is the product of Pdet and Vdet; a low 
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WF could result from a reduced Vdet and a normal Pdet [27, 28]. The WF does not 
provide a measure of contraction sustainability and it results from a complex calcu- 
lation, then its use in clinical practice is limited [29]. 

Pdet.iso can be estimated by using mechanical or voluntary interruption of the 
urine flow [30]. In mechanical test, it is possible to block the urethra during mid- 
stream (by a catheter balloon into the bladder neck) with discomfort; in voluntary 
tests, the patient is requested to stop the flow midstream by contracting the external 
urethral sphincter. When the outflow is occluded before the onset of detrusor con- 
traction, a continuous occlusion test has been defined. The three procedures demon- 
strated good correlation with each other in both men [31] and women [32], with the 
voluntary stop test giving a Pdet.iso approximately 20% less than the other two [31]. 
This may be due to a reflex inhibitory effect on the detrusor due to external sphincter 
contraction. In some patients (the frail or neurologic patients or those affected by 
stress incontinence), the voluntary stop tests are not possible. Continuous occlusion 
has a better test-retest reliability than mechanical stop tests, with the advantage of 
allowing an assessment of sustainability of isometric contraction [14]. Nevertheless, 
continuous occlusion does not allow the measurement of flow, is often painful, and 
is very impractical. 

Non-invasive methods assessing contraction strength have been investigated, but 
have not supplanted standard PFS in clinical practice. An inflatable, more accept- 
able penile cuff has been tested to stop voiding, even if this method overestimates 
Pdet.iso by 16.4 cmH,0, because of the positioning of the cuff below the bladder 
[33]. Another method is the condom catheter application: a continuous column of 
fluid from the catheter through condom to the urethra and bladder quantifies pres- 
sure. Common disadvantages of both techniques are lack of appreciation of abdomi- 
nal straining and pressure transmission capture, often with leakage around the 
condom and closure of the external sphincter in response to line occlusion [34]. 
Measurement of Pdet.iso compares well with invasive PFS in non-obstructed 
patients but it is less in BOO [35]. The Pdet.iso also correlates well with bladder 
voiding efficiency [36]. 

Some patients with DU could have bladders that are slow and weak, but some 
may have simply slow bladders. In some longitudinal studies in men [37, 38] with 
idiopathic DU, a reduced Vdet preceded a reduced Pdet, proposing a two-stage pro- 
cess in the development in DU. On the basis of these results, it was suggested a new 
definition of DU incorporating contraction speed: “slower and/or weaker bladder 
with or without poorly sustained micturition contractions” [39]. 

Even if the Ambulatory PFS is a non-standardised urodynamic technique, it may 
have a function in the diagnosis of DU when detrusor acontractility is proved in 
conventional PFS. A case series showed that in 71% of patients with no detrusor 
contraction on conventional PFS, there was evident contractility in ambulatory PFS 
[40]. It can be due to patient activated guarding reflex during conventional PFS with 
pelvic floor/sphincter contraction and impairing detrusor contraction [41]. 

The evaluation of bladder sensation is a pivotal aspect of the urodynamic assess- 
ment of patients with underactive bladder; it may be recorded as first sensation, first 
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and strong desire to void during filling cystometry. Delayed bladder sensation 
means impaired sensory function, although this method has limitation due to a sub- 
jective quantification with untrue bladder filling sensation even when the bladder is 
not being filled [42, 43]. For a more objective quantification, an electrical sensation 
testing has been made using the passage of wave electrical current through the blad- 
der wall to determine the current perception threshold. The disadvantage of this 
method is that electrostimulation is not a physiologic stimulus so the clinical utility 
is low [44-46]. 

Figures 9.1 and 9.2 show two typical cases of urodynamic findings in DU. 

Recently, Namitome et al. (2020) developed a prediction model of DU in male 
patients with non-neurogenic lower urinary tract symptoms on a large group of 
patients. The model was based on five predictive factors, namely older age, smaller 
prostate volume, two symptoms (less urgency and a weak stream) and a lower Qmax 
rate. The model estimates the probability of DU in clinical practice without an inva- 
sive PFS and could be a promising tool [47]. 

Defining a single type of index patient to represent all UAB will not satisfy all 
clinical research needs; several index patients should be stated by phenotyping of 
patients with UAB, including, children, young men and women, elderly male and 
female patients, and neurological patients with confirmed DU. The same phenotyp- 
ing may lead to different diagnostic criteria for each phenotype. Therefore, different 
diagnostic criteria for UAB and DU may be required for the young and elderly 
patient populations, seeking specific urodynamic markers in women and men, and 
identifying adequate finalised symptoms questionnaires. 
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Fig. 9.1 Pressure/flow study of a 30-year-old man with chronic prostatitis and underactive blad- 
der symptoms; urodynamic parameters: first sensation 80 mL, normal desire 180 mL, strong desire 
300 mL, cystometric capacity 402 mL, Qmax 6.1 mL/s, voided volume 103 mL, post void residual 
(PVR) 299 mL, PdetQmax 13 cmH,O, BCI 43, BOOI <20. A typical finding of detrusor underac- 
tivity is low PdetQmax combined with slow intermittent flow and incomplete bladder emptying 
with high PVR 
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Fig. 9.2 Pressure/flow study of a 59-year-old man with underactive bladder symptoms after 
TURP; urodynamic parameters: first sensation 89 mL, normal desire 175 mL, strong desire 
414 mL, cystometric capacity 580 mL, Qmax 6.5 mL/s, voided volume 150 mL, post void residual 
(PVR) 430 mL, PdetQmax 15 cmH,O, BCI 47.5, BOOI <20. Another typical finding of detrusor 
underactivity is inadequately sustained detrusor contraction during voiding that can be evidenced 
with minimal bladder contractility (low PdetQmax), long hesitancy, abdominal straining, low 
voided volume, high PVR 


9.4 Conclusions 


UAB, the opposite of OAB, gained interest as an emerging concept but intricate to 
manage, since it is a composite series of symptoms that change from patient to 
patient. It may be associated to a multifactorial aetiology that should be investi- 
gated, and requires at the very least measurement of PVR in real life practice. If 
diagnosis routinely starts from symptoms, invasive urodynamics may be considered 
the only conclusive method to diagnose DU and may be particularly necessary in 
unclear and complicated cases, or those not responding to initial treatment of the 
most troublesome symptoms, but it involves methodological limitations because of 
the lack of specific markers for DU. One question that should be addressed is 
whether it is possible to develop an integrated diagnostic tool based on a combina- 
tion of symptoms, signs and urodynamic markers to diagnose UAB based on spe- 
cific personal phenotypes. 
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10.1 Diagnosis of Underactive Bladder in Females 


Underactive bladder (UAB) is defined as “a symptom complex suggestive of detru- 
sor underactivity (DUA) and is usually characterized by prolonged urination time 
with or without a sensation of incomplete bladder emptying, usually with hesitancy, 
reduced sensation on filling, and a slow stream” [1]. 

DUA is a characteristic urodynamic finding, which indicates diminished detrusor 
contractile function [2]. It is defined by the International Continence Society (ICS) 
as “a contraction of reduced strength and/or duration, resulting in prolonged bladder 
emptying and/or failure to achieve complete bladder emptying within a normal time 
span” [3]. 

DUA is reported in up to 48% of men and 45% of women who have received 
urodynamic assessment for LUTS, and it is more frequent in older women. In a 
study of patients aged over 65 years without neurological or anatomic conditions 
who had undergone a urodynamic study for LUTS, 13.3% of women were classified 
as having DUA [4]. An idiopathic decline in detrusor contraction is naturally attrib- 
uted to normal aging, other factors may also have an influence but there is no clear 
evidence of this in the literature [5]. 

More recently, a symptomatic definition has been suggested called UAB syn- 
drome, which presents the following symptoms: prolonged urination time with or 
without feeling of incomplete emptying, usually with hesitancy, reduced sensation 
of filling, and weak stream [6]. 
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However, the diagnosis of UAB from symptoms alone is difficult due to the pres- 
ence of both voiding and storage symptoms that overlap with other bladder patholo- 
gies and make it difficult to distinguish UAB from overactive bladder (OAB) or 
bladder outlet obstruction (BOO). Urodynamics is considered the diagnostic tool 
for DUA but, despite the definition, there are no recognized diagnostic criteria for 
diagnosis. Values for ‘normal’ strength and duration of contraction are not specified. 
Not having standardized measurement criteria creates confusion. 


10.2 Clinical Diagnosis 


The first step in the diagnosis of UAB is the collection of medical history. 


10.2.1 Medical History 


It is especially helpful to identify clinical risk factors for UAB at this point 
(Table 10.1). 

Among these, an important role is played by neurological diseases: a recent ret- 
rospective study on 1726 UAB patients found that 84.6% of them had a neurogenic 
aetiology [7]. 

DUA can be seen in up to 16% of patients with Parkinson’s disease [8] and in 
52% to 95% of patients with multisystem atrophy [9, 10]. In patients with multiple 
sclerosis, around 20% typically has UAB, which occurs in particular when plaques 
affect the lumbosacral cord [11, 12]. DUA can be caused by infectious diseases of 
the nervous system, such as Guillain-Barre syndrome, neurosyphilis infection, 
human immunodeficiency virus, and herpes virus [5]. In addition, injury to the lum- 
bosacral spinal cord at the level of L1 and below may result in a flaccid acontractile 
bladder and DUA [11]. 

The presence of diabetes mellitus (DM) must also be assessed because DM may 
impair detrusor function through a combination of myogenic and neurogenic mech- 
anisms, classically termed diabetic cystopathy [11]. 

Physicians should also ask about possible sequelae associated with UAB, such as 
bladder stones, renal impairment, or hernias, vaginal prolapse or haemorrhoids due 
to chronic Valsalva voiding. 


Table 10.1 Risk fac- œ Older age 
tors for UAB z 


Prior abdominal or pelvic surgery 


e Prior trauma 


e History of urinary retention 
e Recurrent UTI 
e Permanent indwelling catheter 


e Neurological diseases 


e Use of drugs (in particular diuretics, antibiotics, l 
antidepressants) 
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Table 10.2 Symptoms associated with UAB 


Voiding symptoms e Hesitancy 

e Low stream 

e Intermittency 

e Straining to void 


Post-micturition symptoms e Feeling of incomplete bladder emptying 
Sensory symptoms e Increased or reduction bladder sensation 
Storage symptoms e Increased daytime frequency 

e Urgency 


e Urgency urinary incontinence 
e Nocturia 


Urinary incontinence symptoms e Overflow incontinence 


It is of utmost importance to evaluate the post-void residual (PVR) using a urinary 
catheter, a bladder scanner, or ultrasound. Non-invasive ultrasound measurement of 
PVR is the preferred method since it is as accurate as catheterization (Grade A). 


10.2.2 Symptoms 


Subsequently, symptoms are collected bearing in mind that there is no pathogno- 
monic symptom that characterizes DUA [13]. 

Symptoms vary and may include voiding, storage and post-micturition symp- 
toms, urinary incontinence and sensory symptoms (Table 10.2). 

To help evaluate urinary symptoms, the patient should be instructed to keep a 
voiding diary, which is a daily record of the patient’s bladder activity and is a useful 
supplement to the medical history. 

However, the clinical symptoms listed above are common to a number of condi- 
tions and taken alone it is difficult to use them to form a diagnosis of UAB. In par- 
ticular, LUTS experienced by patients with DUA overlap significantly with both the 
pattern of LUTS associated with BOO and OAB. A recent study set out to identify 
the clinical features associated with DUA by comparing the signs and symptoms of 
patients with diagnoses of DUA, BOO, and ‘normal’ recorded in a large urody- 
namic database [14]. They found that, compared to ‘normal’ women, those with 
DUA have a higher occurrence of palpable bladder, absent or decreased sensation to 
void, enuresis, and impaired mobility. And the bladder diaries of women with DUA 
showed a higher number of day voids, nocturia episodes, pads used in daytime, and 
pads used at night. In addition, compared to women with BOO, those with DUA are 
more likely to use antidepressants and have a higher occurrence of urinary retention, 
absent or decreased bladder sensation, decreased urinary stream, stress inconti- 
nence, and enuresis. 


10.2.3 Patient-Reported Outcomes 


Patient-reported outcome measures (PROs) are widely used for the initial assess- 
ment, follow-up, and monitoring of LUTS treatment. However, no PRO instruments 
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currently exist to assess UAB symptoms and impacts that meet the standards of vali- 
dation described by the Food and Drug Administration’s (FDA) Guidance for 
Industry [15]. 

The validation is in progress for the first PROs for the assessment of symptoms 
of UAB and its impact on health-related quality of life. In 2018, Uren et al. pub- 
lished a pilot-study on the validation of the International Consultation on 
Incontinence Questionnaire-underactive bladder (ICIQ-UAB), and this study pro- 
vided encouraging evidence of validity and reliability. 

The ICIQ-UAB is not designed to be a diagnostic tool for DUA/UAB because 
of the overlap between reported symptoms and coexisting urological conditions. 
However, following further psychometric validation and the development of 
scoring algorithms, it could potentially aid diagnosis when used alongside other 
non-invasive methods [16]. 

Figure 10.1 shows a new diagnostic algorithm for LUTS to distinguish between 
UAB, OAB and BOO patients; this is our suggestion for an improvement on the 
algorithm proposed by Gani and Hennessey [17]. 


10.3 Urodynamics 


For the purposes of setting patient inclusion criteria, researchers have used urody- 
namic evidence of DUA to identify patients who are likely to present with UAB 
symptoms [18], even if we currently lack precise parameters for the diagnosis and 
evaluation of DUA in women. Consequently, parameters vary from study to study 
making it difficult to compare the results in the literature. 

Several diagnostic criteria to define DUA have been proposed each with advan- 
tages and limitations. 


10.3.1 Free Flow 


Groutz et al. used Qmax <12 mL/s with >100 mL voided or PVR volume >150 mL 
on 2 or more free-flow readings [19]. 


10.3.2 Pressure/Flow Study 


But free-flow measures only the flow and ignores detrusor activity, and a diagnosis 
of DUA requires a contraction of reduced strength and/or duration resulting in pro- 
longed or incomplete bladder emptying, so a measurement of detrusor function is 
necessary to complete the criteria. For this reason, many authors have tried to base 
the diagnosis of DUA on the results of pressure/flow study (PFS). 

This poses the problem of the level at which to fix cut-off values. The values 
proposed by the various authors are shown in the Table 10.3 below. 
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LUTS 
Voiding 
symptoms 


Storage 
symptoms 


UAB or BOO 
Clinical 
PVR < 150ml PVR > 150ml i : 
diagnosis 
OAB UAB or BOO 
treatment treatment 
Treatment Treatment 
failure failure 
URODYNAMICS 


Fig. 10.1 Diagnostic algorithm for LUTS 


Unsure 
diagnosis 


Table 10.3 Urodynamic diagnostic criteria for DUA in women using PFS 


Author Pde @Qmax (cmH,0) Qmax (mL/s) 
Abarbanel and Marcus [20] <30 <10 
Gammie et al. [14] <20 <15 
Jeong et al. [4] <10 <12 


The main limitation of the use of PFS is that the urodynamic measurement of 
detrusor contractility is based on the detrusor pressure required to expel urine 
through a patent urethra. However, it is likely to underestimate contractility because 
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the contraction generates both flow and pressure [21], and consequently the detrusor 
pressure at maximum flow (Pdet@Qmax) does not represent peak contraction 
strength. 


10.3.3 Detrusor Contraction Strength 


Various authors have proposed using detrusor contraction strength to measure 
detrusor function. 


10.3.3.1 Isovolumetric Detrusor Pressure 

One possible indicator of detrusor contraction strength is isovolumetric detru- 
sor pressure, which is bladder pressure during PFS when flow is stopped. Three 
different techniques have been proposed to measure isovolumetric detrusor pres- 
sure during either uninterrupted or interrupted voiding [22]: 


e voluntary interruption of voiding: the patient interrupts the flow by contracting 
the external sphincter; 

e mechanical interruption: the urethra is blocked mechanically midstream e.g. 
using a catheter balloon pulled at the bladder neck; 

e interrupted and uninterrupted flow: free and interrupted flows are alternated 
(this has had limited use in clinical practice). 


None of these techniques has yielded a sufficiently accurate measurement of 
detrusor contraction strength so Watts Factor, BOR, and PIP have been proposed: 


10.3.3.2 Watts Factor 
The Watts Factor (WF) is a measurement of the power generated by the detrusor 
per unit area of the bladder surface [23] according to the formula: 


WF =| (pdet + a)(vdet +b) —ab | 


where vdet is detrusor shortening velocity, and a and b are fixed constants 
(a = 25 cmH,0; b = 6 mm/s) derived from experimental and clinical data [24]. 

The main advantages of the WF are that it is not dependent on bladder volume 
and is not influenced by increased outlet resistance [25]. There are, however, no 
validated values for what is considered normal. Currently, the WF is little used in 
practice due to its complexity as well as the fact that it assesses only strength of 
contraction and not duration. 


10.3.3.3 Projected lsovolumetric Pressure (PIP) 
Schafer prosed another method using isovolumetric detrusor pressure, calculated 
with BOR and PIP, where BOR is the inverse relation between pressure and flow 
[26] and PIP is the projected isovolumetric pressure [27]. 
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BOR is simplified to a straight line with a fixed angle (K). PIP is then obtained 
by projecting back to the y-axis (Pdet) in a line parallel to BOR as represented by 
this formula: 


PIP = Pdet @ Qmax + KQmax 


Abrams used this formula to devise the bladder contractility index (BCI) [28]. 
His studies were on men with BPH and he established a value of 5 cmH,O/ 
mL/s for K. 

However, K varies according to study populations. In particular, Griffith found 
K = 1 cmH,O/mL/s to be more accurate for women, with values of 30-75 cmH,O 
indicating normal contractility. On this basis, PIP < 30 is a diagnosis of DUA in 
women [22]. 


10.3.4 Detrusor Contraction Velocity 


The velocity and the duration of the detrusor muscle contraction are equally impor- 
tant criteria for assessing detrusor muscle function, but they are often overlooked. 

Cucchi et al. raised the question of whether there are two aspects of DUA, slow 
muscle contraction velocity and weak contraction, and pointed out that many assess- 
ments of DUA focus only on the latter [29, 30]. In order to assess the velocity of 
detrusor contraction, they proposed the parameter of detrusor shortening velocity, 
as calculated by the formula: 


vdet = Q/2[3/(V + Vt)/ 47 |0.66 


where Q represents the flow rate (mL/s), V represents bladder volume (mL), and Vt 
represents the volume of non-contracting bladder wall tissue. They found that a 
reduction in detrusor shortening velocity was evident before a decline in WF in 
both men [31, 32] and women [33]. 

Even if other studies have used the rate of contraction in their assessment, there 
is not yet sufficient evidence for basing a diagnosis of DUA on a reduction in detru- 
sor shortening velocity alone [25]. 


10.3.5 The Role of Bladder Sensation 


Evaluation of bladder sensation is another important consideration in the diagnosis 
of DUA as the afferent nerves have a fundamental role in initiating and maintaining 
bladder contraction. 

Compared to normal women, those with DUA have reduced bladder sensation, 
greater first sensation of bladder filling (FSF) and full sensation (FS), and greater 
cystometric capacity, demonstrating that bladder sensation is negatively associated 
with detrusor contractility and Qmax. 
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Recently, urotheliogenic aetiologies have emerged as important factors for 
DUA. In a retrospective study Smith et al. found that in non-neurogenic, non- 
obstructed DUA patients, a diminished central sensitivity to volume afferent activ- 
ity contributes to DUA [34]. Also, at the molecular level, a down-regulation of the 
expression of sensory protein has been found in DUA patients [35]. 

Comparing the urodynamic characteristics of DUA in women with voiding dys- 
function, Yang et al. found that patients in the DUA group also had increased thresh- 
olds of FSF and FS compared to other voiding dysfunctional groups. This suggests 
that reduced bladder sensation may be specific to the aetiology of DUA [36]. 


10.3.6 The Role of DO 


The coexistence of DO with reduced detrusor contractile function was first described 
by Resnick et al. in 1987 as “detrusor hyperactivity with impaired contractility” 
(DHIC) [37] and, since then, numerous studies have been published on this topic. 

At the 6th International Consultation on Incontinence, the committee on 
Incontinence in Frail Older Persons noted that this coexistence can be confusing for 
diagnosis, particularly in the elderly [38]. 

Gammie et al., defining DUA as pdet@ Qmax <20, Qmax <15, and bladder void- 
ing efficiency (BVE) <90%, found that approximately a third of females with DUA 
also have DO, with differences in symptoms compared to women with DO without 
DUA [39]. 

When compared to women who have DUA without DO, those who have both 
DUA and DO were found to have greater age, higher body mass index (BMI), and 
reduced anal tone, and they were more likely to report urgency incontinence, higher 
day and night pad usage, and constipation. On urodynamics, female patients with 
both DUA and DO had lower volumes for both first and urgent desire to void, voided 
volume, post-void residual urine, lower abdominal pressure at Qmax, and shorter 
voiding times. 

These results are similar to those reported by Stav et al., who also found that 
women with DUA and DO had a greater incidence of infections than women with 
DO alone [40]. 


10.4 Conclusion 


UAB is a clinical symptom complex often related to but not distinct from other 
chronic conditions such as OAB and BOO. 

Urodynamic diagnosis of UAB in women is hindered by the lack of gold-stan- 
dard measurement and consensus on a normal value, but it is useful when clinical 
diagnosis remains uncertain. 

To date, the most effective diagnostic indicator of DUA in female patients is a 
PIP value <30, but more research must be done to find less invasive and more practi- 
cal methods for the diagnosis of this common urogynaecology condition. 
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11.1 Conservative Management 


The natural history of underactive bladder (UAB) is still not fully understood and so 
far, no generally accepted guidelines are available on the management of UAB. The 
primary goals of the management of patients with UAB should include prevention 
of bladder overdistension and upper urinary tract damage and to reduce/minimize 
post-void urinary residual volume (PVR) by improving bladder function and empty- 
ing. Indeed, several complications can be found in UAB patients, such as recurrent 
urinary tract infections (UTIs), bladder stone formation, overflow incontinence, uri- 
nary retention, impaired renal function, and chronic Valsalva voiding [1]. 

Simple observation. In the presence of patients with poor lower urinary tract 
symptoms (LUTS) and reduced risk of upper urinary tract injury, simple observa- 
tion can represent an acceptable management option. 

Behavior modification. It represents the first conservative treatment modality. 
Patients may learn to apply timed voiding to avoid bladder overdistention. In addi- 
tion, the use of double voiding can be useful to reduce incomplete emptying which 
can lead to uncontrolled increased urinary [2]. Voiding diaries can be useful to iden- 
tify patients who chronically introduce to much liquid, thus worsening UAB symp- 
toms. In these cases, a fluid restriction program can be of benefit. Constipation is 
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another condition which deserves attention in UAB patients and it should be 
properly managed. 

Manual external bladder compression. Credé maneuver/reflex voiding or 
abdominal straining (Valsalva maneuver) to empty the bladder have been carried 
out in the past particularly in patients affected by spinal cord injury, until when 
intermittent catheterization has been provided to be safer in allowing regular blad- 
der emptying. These maneuvers are not recommended due to the risk of developing 
high intravesical pressure and kidney damage. Moreover, they are known to be able 
to induce a reflex sphincter contraction which increases outlet resistance [3], lead- 
ing to lower and upper urinary tract complications. Incomplete bladder emptying 
and UTIs are usually frequent in patients performing manual external bladder com- 
pression [4]. 

Pelvic floor muscle rehabilitation (PFM). PFM programs, including physio- 
therapy and biofeedback are usually applied to treat dysfunctional voiding, an 
abnormal learned voiding behavior in neurologically intact subjects, in whom there 
is increased external sphincter activity during voluntary voiding [5]. Dysfunctional 
voiding may cause not only storage symptoms but also emptying symptoms, such 
as hesitancy, need to strain, and feeling of incomplete bladder emptying, until a 
resultant urinary retention is induced. Treatment modalities, usually performed in 
children and women, include: uroflowmetry biofeedback, PFM biofeedback train- 
ing or combination of the both the modalities [5]. 

Conservative treatment’ modalities should be suggested in the early stages of the 
diseases, even if the patients are asymptomatic, in order to avoid or reduce future 
complications. Therapeutic intervention including pharmacological or catheteriza- 
tion or surgical management options should be considered [6]. 


11.2 Pharmacological Therapy 


Pharmacological treatment options for UAB are substantially limited. 
Pharmacological agents are aimed to increase detrusor contractility and/or decrease 
outlet resistance. Drug treatment can enable natural voiding which is ideal for 
improving quality of life (QoL), provided the risk of upper urinary tract damage or 
infection can be avoided. 

Parasympathomimetics. Drugs provided of cholinergic activity have been con- 
sidered to increase detrusor contractility and promote bladder emptying [7]. Since 
detrusor contraction is mediated by parasympathetic innervation, enhancement of 
parasympathetic activity would be expected to increase detrusor contraction. 
Parasympathomimetics can act either directly by stimulating the muscarinic recep- 
tors or indirectly by inhibiting cholinesterase and thus promoting acetylcholine 
release [8]. Bethanechol chloride, a choline ester, acts on muscarinic receptors with 
only a negligible nicotinic effect, while distigmine bromide, a choline esterase 
inhibitor, sustains acetylcholine activity. 

Bethanechol chloride (brand names: Urecholine, Duvoid, Myotonachol, and 
Urocarb) is a synthetic parasympathomimetic drug capable to induce reflex detrusor 
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contractions by central activity. It has been available for about 50 years in the treat- 
ment of urinary retention, but its use has been very poor in clinical practice. To date 
only a single double-blind study about 20 patients presenting with UAB seems 
available [9]. In this study, the effectiveness of both oral and subcutaneous 
bethanechol chloride administration on the response of detrusor muscle in patients 
with urinary retention has been investigated reporting good results. The pharmaco- 
logical agent should not be employed in cases of dangerous increase in muscular 
activity of the gastrointestinal tract or urinary bladder, for instance in presence of 
mechanical obstruction. Due to poor efficacy and potentially severe adverse effects, 
Bethanechol chloride has not frequently used in clinical practice. The most frequent 
adverse effects are nausea, vomiting, diarrhea, gastrointestinal spams, broncho- 
spasms, headache, salivation, flushing, visual accommodation defect, and rare com- 
plication of cardiac arrest. 

Distigmine bromide (common brand: Ubretid)) is a carbamate-type cholinester- 
ase (ChE) inhibitor and, as other ChE inhibitors such as pyridostigmine, neostig- 
mine, and ambenonium, is mainly used in the treatment of myasthenia gravis. 
Distigmine has been clinically used in Japan for the treatment of UAB [10-12] and 
also, in some European countries [13-16]. 

In a previous study in humans, treatment with distigmine bromide resulted in a 
significant reduction of residual volume and the need for intermittent catheteriza- 
tion, with a good safety report in the majority of patients [16]. 

Overall, because of the above-mentioned side effects, most urological guidelines 
do not recommend the use of parasympathomimetics in the treatment of UAB. 

Alpha \-adrenergic antagonists (AAAs). a-adrenergic antagonists, also called 
alpha-blockers, used to treat LUTS include doxazosin, alfuzosin, terazosin, silodo- 
sin, and tamsulosin. The alpha-1 adrenergic antagonists in clinical use for benign 
prostatic hypertrophy and symptoms of the emptying phase, include three nonselec- 
tive agents, terazosin, doxazosin, and alfuzosin, and two selective antagonists, tam- 
sulosin and silodosin [17—19]. The selective agents have the potential of reducing 
bladder neck tone with less risk of hypotension. All AAAs represent the most com- 
monly used medications to relieve chronic bladder outlet obstruction (BOO) and 
improve bladder emptying in patients affected by LUTS due to benign prostatic 
hyperplasia (BPH). The alpha-1 adrenergic blockers act by relaxation of the smooth 
muscle in the bladder neck and prostate, which results in improvement in urine flow 
in men with partial obstruction due to an enlarged prostate [20]. The mechanism of 
action of AAAs consists in the inhibition of «l-adrenoceptors distributed mainly 
over the bladder neck and urethra, in the prostatic part [21]. Clinical studies have 
also confirmed the beneficial effects of AAAs in women affected by voiding diffi- 
culty. Kessler et al. reported that AAAs significantly improved urinary symptoms 
and urodynamic parameters in 67% and 50%, respectively, of women with func- 
tional BOO [22]. 

Combination therapy with parasympathicomimetics and AAAs has been shown 
to be more effective than monotherapy in patients with UAB, with significant 
improvements in detrusor contractility and bladder emptying, and reduction in ure- 
thral resistance [11]. 
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Alpha Reductase Inhibitors. The 5-alpha reductase inhibitors are pharmacologi- 
cal agents used in the treatment of BPH, able to inhibit the steroid 5-alpha reductase 
which converts testosterone to dihydrotestosterone. Inhibition of dihydrotestoster- 
one induces a gradual shrinkage of the prostate gland. Both Finasteride (brand 
name: Proscar) and Dutasteride (brand name: Avodart), the two available 5-alpha 
reductase inhibitors, lower dihydrotestosterone serum concentrations without alter- 
ing serum testosterone levels and usually with no consistent antiandrogenic effects. 
Both Finasteride and Dutasteride exert an effect on prostate size and reduce symp- 
toms of BPH, but there are no consistent data on their application in the treatment 
of UAB [17-19]. 

Prostaglandin E2 (PGE2). PGE2 is a naturally occurring prostaglandin which 
exhibits direct vasodilatory and smooth muscle relaxing properties. PGE2, which is 
used in cardiology to increase the inotropic activity of smooth muscles, into the 
bladder acts by increasing detrusor contractions and urethral relaxation. It also 
inhibits the release of noradrenaline from sympathetic nerves. Experimental studies 
have shown that PGE2 can directly stimulate detrusor contraction, enhances the 
efficacy of other transmitters involved in detrusor contractility process, and potenti- 
ates the afferent nervous transmissions. The exact mechanism of action of PGE2 in 
reducing bladder capacity is not yet completely understood, and several hypothesis 
have been realized. One possibility is that intravesical PGE2 may cause detrusor 
overactivity (DO). Other experimental observations suggested that intravesical 
PGE2 administration could be able to induce bladder hypersensitivity through 
C-fibres activation, with a resultant decrease in bladder capacity [23, 24]. In a previ- 
ous study conducted by Andersson and coworkers, intravesical PGE2 administra- 
tion induced a significant increase in bladder pressure and a decrease in maximum 
urethral closing pressure, thus showing the drug’s capability to enhance bladder 
emptying in patients affected by acute retention of urine [25]. 

Although there are some evidences of a pharmacological effect of PGE2 in 
improving UAB symptoms, clinical trials showed a limited therapeutic benefit of 
the pharmacological agent compared with placebo. Thus, intravesical PGE2 is not 
recommended as a routine pharmacological treatment; probably it could be consid- 
ered as an additive therapeutic regimen in UAB patients performing clean intermit- 
tent catheterization or those with an indwelling catheter [6]. 

Antispastic Agents. Antispastic agents are known to be clinically useful for the 
treatment of detrusor sphincter dyssynergia (DSD) and pelvic floor spasticity in 
patients with neurogenic bladder. Baclofen (p-chlorophenyl-GABA) and Dantrolene 
sodium act to decrease external urethral sphincter resistance by depressing pudendal- 
to-pudendal nerve reflex through spinal cord presynaptic hyperpolarization, so as to 
encourage micturition with Credé or Valsalva maneuver [26, 27]. 

Future perspectives in pharmacotherapy of UAB. In the future, super-selective 
muscarinic agonists may be developed to increase efficacy and decrease unwanted 
side effects. Alternative manipulation of muscarinic receptors, such as presynaptic 
M2-receptor antagonist or postsynaptic allosteric receptor enhancement is also 
being developed [2]. 
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11.3 Minimally Invasive Treatment 


Catheterization. Intermittent self- or third part catheterisation (IC) is the preferred 
mainstream treatment for patients who cannot effectively empty their bladders. 
Sterile IC significantly reduces the risk of UTI and bacteriuria, compared with clean 
IC. Sterile IC cannot be considered a routine procedure; aseptic IC is an alternative 
to sterile IC. The use of hydrophilic catheters was associated with a lower rate of 
UTI [28]. The average frequency of catheterization per day is four to six times and 
ideally bladder volume should not exceed 400-500 mL [29]. In UAB patients with 
incomplete emptying and high PVR, clean IC (CIC) is the standard of care in the 
management strategy, as indicate by European Association of Urology (EAU) 
guidelines. CIC reduces many risks of incomplete emptying, including UTIs, upper 
tract deterioration, and overflow incontinence. CIC is an adequate management 
strategy for many patients, but it is not known to be therapeutic [30]. A significant 
number of patients have difficulty in continuing catheterization at later times. CIC 
has challenges for particular groups of patients, especially in the elderly, visually 
impaired, mentally handicapped, and those with limited manual dexterity. CIC is 
not without complications, including urethral strictures, urethral false passages, 
haematuria, bacteriuria, and labial erosion. In case when then patient cannot per- 
form IC, indwelling transurethral catheterisation and suprapubic catheterization 
may be considered if continual catheterization is required [1]. Both CIC and 
indwelling catheters will reduce the QoL of patients and cause emotional stress. 


11.4 Surgical Treatment 


Sacral Neuromodulation (SNS). SNS is a treatment for refractory voiding disor- 
ders including urinary retention, and voiding dysfunction whose mechanisms are 
organized in the sacral spinal cord; pathologic conditions can alter the balance 
between these two opposing mechanisms [1]. For micturition, perineal afferent 
stimuli must activate parasympathetic neurons reaching the bladder and also inhibit 
urethral sympathetic and sphincteric somatic reflexes [31]. Pathological mecha- 
nisms, such as excessive inhibition of the voiding reflex, pelvic floor spasticity, and/ 
or the loss of voluntary control of pelvic floor muscles, are responsible for urinary 
retention, which is not related to obstruction [32]. The implantable system is com- 
prised of a neurostimulator, an extension cable, and a lead with quadripolar elec- 
trodes. The electrode is implanted in one of the sacral foramen, typically at the level 
of S3. The neurostimulator is implanted subcutaneously in a lower quadrant of the 
abdomen. The physician uses an electronic programmer remotely to adjust the 
parameters of electrical stimulation produced by the neurostimulator. A magnet or 
an external “telecommande” is used by the patient to turn the stimulator on and off 
and to increase or decrease the level of stimulation. Before implanting the perma- 
nent neurostimulating system a temporary stimulation screening device is used to 
evaluate the effectiveness of the treatment. This temporary device is comprised of 
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an external screener, auxiliary screener cables, screening kit components, and a 
temporary screening lead that is percutaneously inserted [31]. 

Three specific subcategories of dysfunctions are included: (a) dysfunctional flow 
with no retention (<50 mL residual); (b) incomplete voiding or incomplete retention 
(>50 mL residual); or (c) complete retention. Patients with mechanical urethral 
obstruction such as prostatic obstruction or urethral stricture are excluded. SNS can 
allow the patients to perceive the pelvic floor and voluntary control of pelvic floor 
muscles with reducing aberrant neural activity [32]. SNS treatment in nonobstruc- 
tive urinary retention was approved by the American Food and Drug Administration 
(FDA) in 1999, and it is currently applied in experienced centers as an effective and 
reliable method [33]. van Kerrebroeck demonstrated the efficacy of SNS for urinary 
retention in a prospective, randomized, multicenter study; 31 patients underwent 
SNS and at 5-year follow-up, the mean daily CIC frequency decreased from 
5.3 + 2.8 to 1.9 + 2.8, and a success rate of 58% was achieved. The mean volume of 
catheterized urine during CIC was decreased from 379.9 + 183.8 mL to 
109.2 + 184.3 mL, and a success rate of 71% was reported [33]. 

Intravesical electrical stimulation (IVES). IVES has a long history of use in 
bladder rehabilitation to facilitate voiding and decrease PVR in the management of 
neurogenic bladder. IVES was initiated by Saxtorph to treat urinary retention due to 
neurogenic pathologies, by inserting an active electro-catheter into the bladder with 
a neutral electrode placed in the skin [34]. This stimulation may activate specific 
mechanoreceptors and the intramural motor system in the detrusor, which sequen- 
tially leads to local muscle contractions. These contractions stimulate afferent path- 
ways, the central nervous system, and efferent pathways, which make more 
coordinated and enhanced detrusor contractions. Five IVES was not introduced into 
routine practice in patients with UAB [35]. 

Botulinumtoxin-A injections into the external sphincter/bladder neck. 
Although injections of OnabotulinumtoxinA (Onabot/A), the American brand of 
the neurotoxin A, into the detrusor muscle have been approved for several years by 
both the FDA and European Medicines Agency (EMA) for the treatment of neuro- 
genic and idiopathic urinary incontinence in adults, there is still a poor evidence to 
support its use into the external urinary sphincter or into the bladder neck, to enhance 
bladder emptying. The rationale of this kind of treatment relies on the fact that ure- 
thral closure is produced by both urethral smooth and striated muscles. As conse- 
quences of dysfunction of either these sphincters, incomplete bladder emptying and 
urinary retention can occur. In addition, it has been observed that the lack of an 
adequate opening of the bladder outlet can also induce an inhibition of detrusor 
contractions at the level of the sacral cord [36]. This is the reason why treatments 
addressed to open the bladder neck and urethra can reduce the urethral tone but also 
enhance detrusor contractility. With regards the neurotoxin injection into the exter- 
nal urethral sphincter, a previous double-blind study reported on few patients 
affected by DSD due to spinal cord injury, who were treated with Onabot/A injec- 
tions into the external urethral sphincter [37]. As a result, a consistent reduction of 
urethral sphincter hypertonicity, as detected by electromyography, was obtained in 
those cases treated by with the neurotoxin. In a more recent, randomized 
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double-blind study, Onabot/A injections into the external urethral sphincter was 
significantly more effective than the comparator (Lidocaine) in improving urinary 
symptoms and urethral hypertonicity due to DSD in spinal cord injured patients 
[38]. Several observations can be found on the injection of Onabot/A into the blad- 
der neck. In a previous study, Chen and coworkers observed that Onabot/A injec- 
tions into the bladder neck and urethral sphincter improved LUTS and increased 
maximum flow rate in men with a small prostate and LUTS [39]. In a more recent 
study, patients with voiding dysfunction due to neurogenic or non-neurogenic eti- 
ologies were treated with Onabot/A injections into the urethral sphincter. The 
Authors observed a beneficial effect in about 60% of either neurogenic or non- 
neurogenic patients affected by voiding dysfunction, although increased urinary 
incontinence was reported by 13% of cases [40]. 

Worth of noting, this kind of treatment is still off-label, and to date, no standard 
dosage of the neurotoxin has been established [2]. The reduction of urethral resis- 
tance as obtained by Onabot/A injection into the bladder neck or the external ure- 
thral sphincter, allows easier voiding in patients with UAB by the aid of Valsalva 
maneuver and increased abdominal pressure. Injection of Onabot/A into the exter- 
nal sphincter is not helpful if the bladder neck is not opened by the action of abdom- 
inal pressure in a patient with UAB [41]. 

Transurethral incision of the bladder neck for women. In normal micturition, 
the bladder neck can open to a funnel shape which facilitates urine flow through a 
nonobstructed outlet. Some women with UAB can still urinate efficiently by abdom- 
inal straining because they can effectively open the bladder neck and relax the pel- 
vic floor muscles during voiding. A non-opening bladder neck results in functional 
outlet obstruction during abdominal straining to urinate in women with 
UAB. Therefore, ablating the anatomical structure of the bladder neck and reducing 
bladder outlet resistance are helpful in facilitating spontaneous urination by abdom- 
inal straining in these UAB patients. After transurethral incision of the bladder 
(TUI-BN) for women with UAB, the mean voiding detrusor pressure significantly 
improved in some patients [41]. The bladder neck and proximal urethra play roles 
in the guarding reflex of the micturition cycle [42]. The greatest concentrations of 
nerves in the bladder neck are at the 4 and 8-o0’clock positions [43]. Jhang and Kuo 
demonstrated that TUI-BN improved voiding efficiency in women with UAB over 
the long-term and that a higher Pves compared to a lower Pves was predictive of 
satisfactory surgical outcomes. After the procedure, the PVR decreased by 56.3%, 
and 20 of 27 (74.1%) patients were free of CIC [44]. Possible side effects are stress 
urinary incontinence in the daytime and overflow urinary incontinence during sleep. 
Preoperative urodynamic study (UD) to detect a low compliant bladder might alert 
the surgeon to the need for a less invasive TUI-BN. Surgical complications include 
postoperative hemorrhage and inadvertent vesico-vaginal fistula. 

Transurethral resection of the prostate (TURP). TURP is still the gold standard 
for the surgical treatment of patients with LUTS [45]. Durable outcomes of TURP, 
ranging from 8 to 22 years, have been reported by several studies with a long-term 
follow-up [46]. An additional operation, re-TURP, has been described at a constant 
annual rate of 1—2%, with an incidence at 8 years follow-up of 7.4% [47-49]. UAB 
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is a condition of detrusor function impairment, due to detrusor underactivity (DUA) 
or acontractility (DA) and may be a factor affecting TURP outcomes [50]. The 
prevalence of DUA in men with LUTS ranges from 11 to 40% [50, 51], and this 
condition may be precisely diagnosed only by UD [45, 52, 53]. Unfortunately, there 
are no randomized controlled trials (RCTs) in men with LUTS and supposed BOO 
comparing the standard noninvasive evaluation (uroflowmetry and PVR) to the 
invasive UD with the respect of the outcome of surgical treatments. Data of the 
UPSTREAM study, an RCT still ongoing, are pending and waited for the further 
years [54]. A Cochrane meta-analysis failed to demonstrate the usefulness of preop- 
erative UD in males with LUTS and suspected BOO candidates to surgery. No evi- 
dences were found to determine whether UD led to lower symptoms of voiding 
dysfunction after surgical management [55]. A recent systematic review and meta- 
analysis could not precise whether preoperative UD had a predictive role in the 
TURP outcomes [56]. The vague conclusion was that preoperative UD is a valuable 
finding for excluding inappropriate candidates to TURP. Anyway, ideal threshold 
value of DUA for reconsidering surgery or proper indications for preoperative UD 
in males with LUTS could not be defined by that meta-analysis. The Panel of the 
American Urological Association and European Urological Association guidelines 
did not recognize a wide consensus regarding whether UD should or may be per- 
formed when considering surgery for patients with LUTS suggestive of BOO 
[45, 57]. 

To date, several and controversial data have been reported on the influence of 
UAB on TURP results [50, 58—60]. In most of the patients with UAB, TURP dem- 
onstrated a satisfactory efficacy at short-time follow-up, but the results are not last- 
ing in the long period. Indeed, in patients with DUA, a long-time follow-up the 
TURP outcomes indicate a reversal of urinary symptoms back to preoperative base- 
line. A possible explanation for short-time symptomatic improvement in these 
males is that TURP may reduce the bladder outlet resistance and allows easier 
abdominal straining, and thus improve bladder emptying. While the efficiency of 
abdominal straining worsens as these men age and the symptoms return over time 
[59]. Anyway, when males with DUA are not treated, about the 17% may need a 
TURP, and only the 4% experiences an acute urinary retention [59]. The majority of 
the papers on this topic are studies of low quality, reporting low sample size, with 
retrospective nature, without control group, and with short follow-up. These may be 
the reasons explaining the controversial data on this issue. 

Literature Review. The main part of the researches with a short-time follow-up 
documented relevant improvement in outcomes of DUA patients after TURP. Potts 
et al. reported satisfactory results in 86% of the DUA patients after TURP, but with 
a reduced follow-up of only 6 months [61]. In a Japanese study comparing patients 
with BOO, DUA, and DO treated by TURP, with a very short follow-up of only 
3 months, 70.3% of the males with showed a significant improvement of the 
International Prostate Symptomatic Score (IPSS), QoL, maximum peak flow 
(Qmax), and PVR [62]. The results of this study confirmed that a higher BOO is 
associated to a higher improvement after surgery, but that DUA did not influence the 
likelihood of positive short-term postsurgical outcomes. Seki et al. reported data on 
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a larger sample size of patients with DUA (129 males) underwent TURP, with a 
follow-up of 12 months [63]. This study showed that only preoperative level of stor- 
age symptoms, and diagnosis of DO, negatively impacted the improvement after 
surgery, and that Qmax was positively influenced by the baseline degree of bladder 
obstruction. In another research, a small cohort of 20 males with DUA evaluated at 
1-year follow-up after TURP, showed significant improvements in IPSS, QoL, 
Qmax, PVR, and maximum Pdet [64]. An Italian prospective study on 51 patients 
underwent TURP for BOO and/or DUA, documented that the group of DUA males 
had no significant different outcomes than the group with only BOO, at 28 months 
follow-up. Qmax, IPSS, PVR were not statistically different between the groups, 
and the authors concluded that the lack of BOO in patients with DUA should not be 
excluding from surgical indications [65]. Blaivas compared the results of BOO, 
DUA and DA patients treated by TURP. This study showed similar outcomes 
between BOO and DUA groups, while DA group had very worse results. Thereby, 
in case of detrusor impairment, DA was considered a poor predictive factor for 
TURP outcomes, but not DUA [66]. Gotoh et al., in a previous study, reported simi- 
lar results in a low sample size of patients with normal detrusor and BOO (Group 
A), weak detrusor and BOO (Group B), weak or very weak detrusor and minimal 
obstruction (Group C), underwent TURP [60]. Group C showed lower rate of 
improvements after TURP. Detrusor pressure at Qmax, obstruction grades on 
pressure-flow study improved significantly in groups A and B, but not in C. The rate 
of improvement was greater in Group A, followed by Group B and C. On UF, a 
significant improvement occurred in all groups with respect to Qmax, average flow 
rate (Qave), and PVR, and there was a significant difference for the Qmax between 
Group A and C. The authors concluded that in patients with weak detrusor, UD may 
be limited in diagnosing obstruction and has a low prognostic value, and such 
patients should not necessarily be excluded from surgical indications. A recent 
study on 60 DUA patients found a very fast recovery of detrusor function in 69.4% 
within 3 months after TURP. This study demonstrated that the voiding efficiency 
was quickly improved after TURP, and that a high rate of patients, 86.4%, main- 
tained satisfactory results at mid-term follow-up of 31 months [67]. A retrospective 
study on 174 males with DUA underwent TURP, with a mean follow-up of 
22 months, showed that mean IPSS score and QoL scores significantly improved, 
unless the 12% of the patients were not able to spontaneously void | month after 
surgery [68]. Han et al. compared the outcomes after TURP, with a mean follow-up 
of 19 months, of 25 men with DUA to 46 males with BOO and/or normal detrusor 
contractility [69]. DUA group reported 60% of satisfaction rate, with significant 
improvements in both voiding and storage symptoms, IPSS, and QoL question- 
naires. Patients with normal detrusor contractility had significantly more improve- 
ment after surgery, but Qmax did not differ between the two groups. 

Data on long-term outcomes of patients with UAB underwent TURP are few and 
mostly documenting a decrease in the efficacy of the treatment. Thomas et al. 
reported the outcomes of 22 patients with DUA treated by TURP with a mean fol- 
low-up of 11 years [50]. This study showed no long-term clinical or urodynamic 
benefit from surgery. However, authors did not report any patient’s subjective 
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evaluations, and the study was highly selected in so far as only 7.7% (22/284) of the 
males with DUA underwent surgery. Another study, reporting long-term results in 
DUA patients after TURP at 12 years follow-up, showed that IPSS improvement 
lasted until 7 years follow-up, but disappeared by 12 years [70]. A recent retrospec- 
tive study, with a low sample size, but very long-term mean follow-up of 114 months, 
showed that DUA patients had higher rate of voiding dysfunctions recurrence than 
BOO and non-DUA males, 63% vs 37%, respectively [71]. The improvement of 
IPSS was lower in DUA group, but there was no significant difference between 
groups. QoL index was significantly better than preoperatively until the seventh 
postoperative year. Anyway, this study had several biases, as the lack of objective 
outcomes, the very low sample size, and the retrospective nature. A recent system- 
atic review and meta-analysis on this topic showed that preoperative DUA corre- 
lated with poorer improvement of IPSS scores and Qmax, as well as a poorer 
tendency, although not significant, toward IPSS-QoL item and PVR improvements 
[71]. The papers eligible for the analysis were only 10, the evaluation of detrusor 
contractility in the papers was achieved mostly by the Bladder Contractility Index 
(9/10), and the quality of the researches was not high. The studies were mostly ret- 
rospective (9/10), and the sample size comprises less than 100 patients in the major- 
ity of the cases (8/10). 


11.5 Conclusion 


Data suggest that DUA is not an absolute contraindication for TURP, indeed most 
patients had short-term symptoms improvement, due to the decrease of the outlet 
resistance, and significant better QoL which generally last for about 7 years. 
Unfortunately, these outcomes tend to not be sustained over a long period, as the 
long-term studies demonstrated. Attentive and proper counseling should be offer to 
these patients explaining the chance of success and the higher possibility of failure 
end relapse of symptoms of voiding dysfunction in a long period. Finally, high qual- 
ity RCTs, with large sample size, and long-term follow-up would be necessary to 
exactly defined the influence of DUA in males underwent TURP. 
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Detrusor Overactivity with Detrusor 1 2 
Underactivity 


Jessica J. Rueb and Howard B. Goldman 


Case 1 

An 84-year-old female presents with urinary urgency, frequency, urge incontinence, 
and incomplete emptying. She reports requiring eight pads a day and had no 
improvement in symptoms with anticholinergic medications. On exam she has no 
pelvic organ prolapse and has a post void residual of 175 mL. Prior to her urody- 
namic study (UDS) she had a uroflow (Fig. 12.1) with a prolonged and interrupted 
stream and had a post void residual (PVR) of 200 mL. The UDS reveals detrusor 
overactivity with urgency during the filling phase (Fig. 12.2). During the voiding 
phase the patient voids completely with valsalva voiding with a detrusor pressure 
(pDet) of 14 mL/s. She is able to completely empty her bladder with double void- 
ing. Her urodynamics is consistent with detrusor overactivity with detrusor under- 
activity (DODU). After a discussion of all treatment options the patient elected to 
proceed with percutaneous nerve evaluation, an office-based trial of sacral 
neuromodulation. 


Case 2 

A 70-year-old male presents with urgency urinary incontinence, weak stream, hesi- 
tancy, incomplete emptying, and straining to void. He has tried tamsulosin and fin- 
asteride with no improvement. Symptom onset correlated with decompression of a 
spinal hematoma. He has a normal genitourinary exam and his PVR is 200 cc. We 
elect to perform urodynamics which reveal low amplitude contractions with urgency 
and UI during the filling phase (Fig. 12.3). The voiding phase indicates poor detru- 
sor contraction and attempted voiding was augmented with abdominal straining 
(Fig. 12.4). His UDS was consistent with DODU. Ultimately the patient was unable 
to void voluntarily but had several episodes of urge incontinence while attempting 
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Fig. 12.1 Uroflow of 84-year-old female with interrupted and prolonged stream 


to void. A video urodynamics was completed due to the neurologic insult history. 
Video UDS revealed an open bladder neck during urinary incontinence episodes, 
indicating no primary bladder neck obstruction or detrusor sphincter dyssynergia 
(Fig. 12.5). A cystoscopy was also performed which showed bladder trabeculations 
and no evidence of prostatic obstruction or other significant findings. After discus- 
sion of the treatment options the patient decided that he would like to avoid self- 
catheterization if at all possible. We thus elected for medical management with 
mirabegron. 


12.1 Introduction 


Resnick et al. first coined the term “detrusor hyperactivity with impaired contractile 
function” in 1987 within a landmark paper describing the “paradoxical set of find- 
ings: the bladder is overactive but empties ineffectively.” Dr. Resnick characterized 
this phenomenon as specific to the elderly institutionalized incontinent patients, and 
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Fig. 12.2 Urodynamics of 84-year-old female indicating detrusor overactivity—detrusor underac- 
tivity, voiding via Valsalva voiding 
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Fig. 12.3 Urodynamics of 70-year-old male with filling phase (only) shown here indicating low 
amplitude contractions with urgency and urge incontinence consistent with detrusor overactivity 
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Fig. 12.4 Urodynamics of 70-year-old male with voiding phase shown here, indicating detrusor 
underactivity with voiding augmented with abdominal straining 


reported that it was the second most common cause of incontinence in this group at 
38% [1]. Recently this entity has been renamed Detrusor Overactivity with Detrusor 
Underactivity (DODU), defined as a urodynamic diagnosis of detrusor contractions 
during filling cystometry, as well as low detrusor pressure during pressure flow 
study with low urine flow rate or incomplete bladder emptying [2]. As seen in the 
two case studies, this urodynamic based diagnosis is most commonly seen in the 
elderly. It is often associated with symptoms of detrusor overactivity: urgency, fre- 
quency, and urge incontinence. Additionally, the detrusor contraction will be inef- 
fective and often require straining to void [3]. Therefore patients may report 
additional associated symptoms of sensation of incomplete emptying, straining, 
decreased force of stream, urinary hesitancy, or interrupted stream. DODU remains 
a condition that can be both a diagnostic and therapeutic conundrum for urologists. 


12.2 Etiology 


The etiology of DODU remains relatively unknown and an area of much needed 
research. Resnick postulated that this condition may be an advanced stage of long- 
term detrusor overactivity which over time resulted in deterioration of the contrac- 
tile function of the bladder [1]. Alternatively the hypothesis of the loss of estrogen 
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Fig. 12.5 Video urodynamics of 70-year-old male indicating appropriate bladder neck opening 
during attempts to void 


on bladder muscle remodeling resulting in DODU has been investigated through an 
ovariectomized rodent model. However, no clear conclusions were drawn [4]. 
Others have theorized that DODU represents an overlap of two common but casu- 
ally separate entities that are coexisting [5, 6]. More recently Dr. Chancellor echoed 
Dr. Resnick’s original theory, hypothesizing that this condition is a phase of the 
bladder’s progression from overactivity to underactivity. Chancellor proposed that 
chronic muscle activity results in muscle fatigue, ischemia, inflammation, and oxi- 
dative stress which will damage the detrusor, resulting in DODU. Further, this 
hypothesis predicts that if DODU is left untreated it will progress to detrusor 
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underactivity [7]. Despite the identification of this disease nearly 30 years ago, the 
pathogenesis of DODU remains mostly theoretical. 


12.3 Prevalence and Risk Factors 


Traditionally, detrusor overactivity with detrusor underactivity is thought of in asso- 
ciation with the elderly female population with idiopathic incontinence. This popu- 
lation was the focus of the original article on the subject evaluating 97 incontinent 
elderly female nursing home residents (mean age 87.6) and identifying detrusor 
overactivity in 65% and DODU in 38% [1]. However, more recent studies have 
identified the prevalence of this condition in other populations as well. For example, 
Abarbanel et al. evaluated community dwelling elderly with lower urinary tract 
symptoms (LUTS) (mean age 75.7) and showed a significantly higher prevalence of 
DODU in men at 48% than women at 12% [8]. Significant risk factors for both 
sexes were history of urinary retention or prior need for indwelling catheterization. 
Age over 75 was also a significant risk factor for female patients with DODU [8]. 
Additionally, DODU can be a presentation of lower urinary tract dysfunction in the 
neurogenic bladder population with a prevalence ranging from 10 to 18% in condi- 
tions such as Parkinson’s disease, multiple system atrophy, multiple sclerosis, spinal 
cord lesions, progressive supranuclear palsy and cervical spondylotic myelopathy 
[9]. Even cerebral infarction which is traditionally thought to result in detrusor over- 
activity can result in DODU in 13% of patients [9]. Yoshimura et al. recently dem- 
onstrated through rat model that pelvic nerve injury may be a risk factor for 
developing DODU. Bilateral pelvic nerves were injured with dry ice, and rats later 
underwent conscious cystometry which demonstrated increased contractions during 
filling. Additionally the rat model demonstrated detrusor underactivity through 
decreased levels of mRNA in the bladder muscle [10]. 


12.4 Diagnosis 


Typically the Diagnosis of DODU can be difficult in part due to the contradictory 
symptomatology as well as the multiple overlapping urologic conditions that may 
be present in the incontinent elderly population. As seen in the cases presented, 
patients can present with a combinations of symptoms that include the typical over- 
active bladder symptoms: urgency, frequency, urge incontinence; as well as the 
obstructive voiding symptoms: straining, intermittent stream, hesitancy and sensa- 
tion of incomplete emptying. Historically this diagnosis was missed in the elderly 
women with incontinence due to diagnosis based on symptoms without urodynam- 
ics, post void residual or physical exam [11]. Diagnosis of DODU is primarily 
through the use of urodynamics. In fact among the community dwelling elderly 
female with lower urinary tract symptoms, DODU is the second most common 
diagnosis made [12]. However performing multichannel urodynamics may not be 
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feasible in all patients given the multiple comorbidities including dementia and lim- 
ited mobility that may affect these patients. Arguments have been made that in these 
patients a bedside urodynamics or simple cystometry, in combination with PVR and 
cough stress test, may be sufficient for diagnosis [11]. A simple cystometry includes 
using a catheter to back fill the bladder with room temperature saline under gravity, 
and observing for changes in the fluid level in the syringe that would indicate a 
detrusor contraction [13]. However a simple cystometry does not directly determine 
the bladder contractility, or determine whether an elevated PVR is due to the blad- 
der or the outlet. Thus, currently the only acceptable assessment of the detrusor 
underactivity component is through urodynamic testing [14]. 

In men, many of the symptoms overlap with symptoms seen in other types of 
mixed storage and voiding dysfunction including: bladder outlet obstruction and 
detrusor underactivity or detrusor overactivity with bladder outlet obstruction. 
Historically men are often diagnosed with bladder outlet obstruction and treated 
empirically prior to undergoing multichannel urodynamics. Tse et al. evaluated 54 
men with UDS diagnosed DODU, of which 40% only underwent UDS following 
persistent LUTS despite previous surgery for relief of bladder outlet obstruction. Of 
these patients, presenting symptoms varied from voiding symptoms alone (14.8%), 
storage symptoms alone (31.5%), and mixed symptoms (53.7%), again indicating 
the confusing clinical picture often seen in this condition [15]. 


12.5 Treatment 


Until recently treatment of DODU has largely been conservative. Patients who have 
asymptomatic incomplete emptying and have not suffered from complications such 
as recurrent urinary tract infections could be managed with timed voiding and dou- 
ble voiding. Additionally these patients should be counseled on other conservative 
management techniques for the overactive bladder component including: fluid man- 
agement, avoiding bladder irritants, regulating bowel function, and weight reduc- 
tion [16]. Scheduled toileting was the solution for many of the institutionalized 
patients described in original articles [1]. For those patients who elect this option or 
are at higher risk for complications initiation of intermittent self-catheterization 
may provide relief of bothersome urge incontinence and incomplete emptying 
symptoms [17]. Second and third line therapy for the bothersome overactive bladder 
symptoms in the setting of DODU has often been a source of unease among urolo- 
gists. Predominantly this is due to the fear that DODU patients are at risk of urinary 
retention and a treatment may just tip the underactive bladder component of their 
condition into urinary retention. Classically anticholinergics were used with caution 
due to this concern. As seen in Tse et al., treatment options are highly dependent on 
patient preference and comfort level with potential side effects. Of the 54 men diag- 
nosed with DODU four patients elected no intervention, 2 were taught ISC, 5 under- 
went outlet surgery, and 43 elected for medical management. Of the medical therapy 
used the two most common were anticholinergic therapy (35%) and alpha blockers 
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(37.5%) or both (10%). Of the patients who underwent treatment, either surgically 
or medically, 56% reported improved symptoms, with only 1 case of urinary reten- 
tion in the group [15]. 

Kuo et al. proposed that mirabegron is a safe treatment option for patients with 
bothersome DO in the setting of DODU [18]. Mirabegron is a beta3 agonists that in 
idiopathic detrusor overactivity has been shown to be a safe and effective therapy 
with a side effect profile comparable to placebo and whose activity is thought to be 
primarily in the storage phase and not in the voiding phase [19]. In a study of 25 
patients with DHIC compared to 40 matched controls with DO, patients underwent 
treatment with 25 mg daily Mirabegron. Both groups had a significant improvement 
in subjective symptoms using validated questionnaires, and this effect was sustained 
at 6 months. Objective data indicated that the DODU patients had no significant 
change in max flow rate at 6 months and importantly had a significant reduction in 
the post void residual volumes. In regards to adverse effects at 6 months in the 
DODU group the two most common side effects were dizziness in 8% and a PVR 
>180 cc in 16%. Notably no patients required ISC or indwelling catheterization 
related to incomplete emptying. Thus, mirabegron appears to be a safe and effective 
option for treatment of DODU [18]. 

Recently, third line therapies for overactive bladder including intradetrusor 
OnabotulinumtoxinA (BTA) and sacral neuromodulation (SNM) have been studied 
as options for the management of this complex condition. Kuo et al. evaluated 21 
patients with DODU compared to 21 matched controls with DO who underwent 
injection of 100 units of BTA. Interestingly the patient’s subjective symptom scores 
on validated questionnaires all showed significant improvement in both groups 
however the number of urgency/frequency/urge incontinence episodes per day doc- 
umented on voiding diary from baseline to 6 months significantly improved only for 
the control group and not for the DODU group. There were no significant difference 
in adverse events including acute urinary retention and PVR >200 cc between 
groups. Thus, the use of OnabotulinumtoxinA in patients with DODU will need 
further research to indicate effectiveness, however the lack of significantly increased 
adverse events in comparison to idiopathic OAB is encouraging [20]. 

Recent data on the use of SNM in this group has also added to the available treat- 
ment options for patients with DODU. SNM is approved by the food and drug 
administration in the United States for both treatment of idiopathic detrusor overac- 
tivity as well as nonobstructive urinary retention. Thus, the incorporation of this 
technology for treatment of the non-neurogenic related DODU patients seems fit- 
ting. Gani et al. performed stage 1 SNM on 20 patients with urodynamic diagnosis 
of DODU, of which 14 went on to undergo stage 2. Of note, this is a success rate of 
70% which is less than the published 80% rate of response to test stimulation pub- 
lished in the InSite trial for idiopathic DO [21] and the 88% response rate published 
in trials of SNM for nonobstructive urinary retention [22]. Of the responders nine 
patients had improvement in both their DO related symptoms as well as their void- 
ing symptoms, four patients had a response in their DO symptoms alone, and one 
had a response in voiding symptoms alone. Responders reported significant subjec- 
tive symptom improvement by validated questionnaires following SNM. The 
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average PVR decreased from 209 cc pre-treatment to 60 cc post treatment. At 
14 month follow-up, 91% were still using their SNM devices. Thus, SNM appears 
to be a promising safe and efficacious therapy for patients with DODU [23]. 


12.6 Conclusion 


Detrusor overactivity with detrusor underactivity remains a condition that urologists 
will see commonly in elderly patients with bothersome urinary symptoms. The 
pathophysiology of this condition remains unknown and an area of much needed 
research. The diagnosis is highly dependent on multichannel urodynamics as a diag- 
nosis based on symptoms can be misleading especially in male patients. Importantly 
the treatment modalities available for this condition have grown in recent years 
from timed voiding or intermittent self-catheterization to now consideration for 
third line therapies. Ongoing research will be important in verifying the safety and 
efficacy of these treatment options on a larger scale. 
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13.1 Introduction 


Despite medicine has been experiencing several and constant improvements in 
these years, kidney transplantation (KT) still remains the best treatment for end- 
stage renal disease (ESRD). In the recent years, we’re witnessing a constant growth 
of the patients’ waiting-list for renal transplant, due either to the lack of kidney 
donors and to the rise in ESRD incidence and prevalence. Some patients are able to 
benefit from a related living organ donor and preemptive or early KT, but most will 
need renal replacement therapy (haemodialysis or peritoneal dialysis) for a 
long time. 

Living donors’ and deceased donors’ renal transplantation, comprised of both 
donations after brain death (DBD) and donation after cardiocirculatory death (DCD) 
donors, varies greatly across countries and geographic regions and due to religious 
beliefs. Although many possible explanations for this wide variation have been pro- 
posed the major determinants of KT rates remain unclear [1]. In the last Italian 
available 2019 report by National Transplant Authority (CNT), 2137 kidney trans- 
plants were performed, of which only 340 (16%) from a living donor [2]. 

The natural consequence of this situation is that patients affected from ESRD 
have to stay in dialysis for longer periods, thus often developing oliguria or anuria. 
The amount of diuresis in ESRD patients differs significantly, from volumes that 
can be defined as “normal” to “zero” mL (diuresis of 1500 mL or more/day can be 
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considered normal). As a result, many patients will not regularly use their lower 
urinary tract (LUT) during the transplant waiting period which in some cases may 
be long. Indeed, this inactivity of the LUT brings over time to a condition of small 
bladder, with even less of 80 mL of maximum bladder capacity, due to atrophy and 
fibrosis [3]. 

Current evidences show that preemptive renal transplant, or after a limited dialy- 
sis period, provide better graft survival rate, lesser complication rates and reduce 
metabolic impairment when compared to those who experienced long-term dialysis, 
especially in children [4—6]. A period greater than 6 months of dialysis is associated 
with worst outcomes [7]. In their studies, authors usually explain these differences 
with patients’ selection bias, reduced severity of comorbid disease associated with 
avoidance of uremia and dialysis. Furthermore, dialysis requirement and acute 
rejection development are usually higher during the postoperative periods due to 
metabolic deterioration, immunologic system activation and delayed graft function 
status in the patients who had received dialysis before the transplantation [5, 8]. 
Aytekin et al., in their 2020 study, found that in terms of biochemical parameters, 
there was a difference just at short term follow up, not at long term, between pre- 
emptive transplants and the others [5]. 

Regarding the detrimental effect of long-term dialysis on the LUT, and espe- 
cially in bladder, the interruption of physiological cycle of storage and voiding 
brings to a situation called Defunctionalized Bladder (DB). A standard definition of 
DB does not exist, however a common definition used by Errando et al., identify a 
DB when bladder output is less than 300 mL/24 h [9]. Other definitions exist, how- 
ever they differs greatly and due to their heterogeneity a general consensus on DB 
still lacks [10, 11]. Despite such definition, a DB apparently may recover rapidly its 
functionality. Indeed, in 1974 Emil A. Tanagho first reported that DB may recover 
normal capacity and voiding function, disregarding the time it was defunctionalized 
[12]. Furthermore, other authors reported good clinical outcomes with few compli- 
cations in renal transplant in DBs, with excellent recovery notwithstanding their 
initial low bladder capacity [13-16]. 


13.2 Pathophysiology 


Several others abnormalities of the LUT may be present too. In fact, besides DB, 
other causes of LUT dysfunction are many and include those with neuropathic blad- 
ders, bladder exstrophy, posterior urethral valve, prune-belly syndrome, tuberculo- 
sis, bladder malignancy and vesicoureteral reflux. In these cases, it is important to 
recognize when ESRD is secondary to a LUT anomaly or dysfunction in order to 
avoid a subsequent transplantation failure. Indeed, a KT into the same bladder will 
inevitably lead to failure if the primary cause of ESRD is not solved. Therefore, in 
such cases the bladder (and its outlet) need to be safe for a KT and must be modified 
prior to the transplant. If such correction is not feasible, the kidney must be manda- 
torily transplanted into an urinary diversion, tailored to the patient characteristic 
[17, 18]. 
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However, when ESRD secondary to LUT abnormalities are excluded and the 
diagnosis of DB is sure, its pathophysiological mechanisms are not yet clearly 
defined. First of all, current literature on the argument is scarce and the vast majority 
of the clinical studies on pre-transplant DB are retrospective and with a low number 
of patients enrolled. Furthermore, the main outcomes evaluated are voiding symp- 
toms and bladder function. Even the animal models to study DB pathophysiology 
are few and substantially lack. Their evidences suggest an alteration in bladder 
structure and histology, with a higher concentration of connective tissue when com- 
pared to healthy models. Besides these alterations, DB animal models seems to be 
capable to recover a normal function when the emptying filling cycle is restored 
[19-21]. Literature regarding humans is scarce too, however the available evidences 
show similar outcomes and a good restoration of a normal bladder function, espe- 
cially with prior bladder rehabilitation of the DB [14, 22, 23]. From the available 
studies, it appears that in DB, the main alteration found in the pathological speci- 
mens is fibrosis and an increase in collagen, thus with an abnormal connective 
tissue-to-muscle ratio. Such modification seems related to the progressive interrup- 
tion of the filling-emptying cycle and to the low urine amount. Furthermore, every 
study report that all these alterations are reversible, after the normal bladder physi- 
ological cycle is restored [19]. However, regarding receptors expression, DB does 
not experience further modifications, in particular neither over nor underexpression. 
A study from Neves Neto et al. in 2018, demonstrated that DB was substantially 
identical to normal bladder samples. Indeed, in their study they examined freshly 
excised bladder samples in a total of 68 pre-transplant patients. Patients were 
divided in two groups: DB (diuresis <300 mL/24 h; n = 33) and non-DB (diuresis 
>300 mL/24 h; n = 35). A sample of mucosa and detrusor at the site of the future 
ureteral implantation was collected at the time of ureteral implantation during trans- 
plant and stored in RNAlater™ solution at 4 °C for 24 h and then at —80 °C until 
processing. By real-time polymerase chain reaction (qRT-PCR) they examined vari- 
ous receptors: M2, M3, alD, 63, P2X2, P2X3, TRPV1, TRPV4, TRPA1, and 
TRPM8. The expression of all receptors in the mucosa and in the detrusor was simi- 
lar in both groups, except from «1D, which was overexpressed in the detrusor of DB 
relatively to non-DB group [23]. Therefore, it emerges that despite their quiescent 
status, bladder receptors kept their density, even after long periods of DB. Concerning 
the functional meaning of the overexpression of «1D in the detrusor of DB patient, 
its role is still debated and nowadays not relevant. Indeed, the density of this recep- 
tor in the detrusor is low relatively to the other adrenergic receptors and its activity 
in physiological conditions is irrelevant. Hence, overexpression functional meaning 
in DB is still controversial [24]. 


13.3 Clinical and Urodynamic Characteristics 
The characteristics of the DB were evaluated also by urodynamic, with a particular 


care for the changes/improvement after the recovery of a normal bladder physiolog- 
ical cycle both in humans and in animal models. Studies on rabbit models showed 
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that DB had a low cystometric capacity and compliance, as expected. However, the 
recovery of both urodynamic parameters was complete after re-functionalization 
[19]. Similarly studies in human patients with ESRD before and/or after KT dem- 
onstrated a urodynamic pattern of reduced compliance and cystometric capacity in 
DB. Such changes were more relevant when the renal replacement therapy lasted 
longer, thus it was correlated to the time duration of longer oligo/anuria before 
transplant. Therefore, low-compliant bladder is the main abnormality urodynami- 
cally found patients who underwent long-term dialysis. However, as the pathophysi- 
ological effect of DB are mainly reversible, all the differences observed in 
cystometric capacity, intravesical pressure and bladder before transplant disap- 
peared within 1 year from surgery [25-29]. Besides urodynamic parameters, symp- 
toms seem to remain altered even at follow up. In fact, Van der Weide et al., in their 
2004 study, demonstrated that urinary frequency and nocturia were significantly 
higher in patients with ESRD after renal transplantation when compared to a healthy 
age-sex matched control group. These results were further confirmed by Zermann 
et al. in 2005, in a study with 150 recipients who underwent renal transplantation vs 
150 healthy control patients, notwithstanding they observed a decrease in nocturia 
and frequency over time in the transplant group [30, 31]. When we evaluate a patient 
with ESRD and DB who need to undergo a KT, according to current available stud- 
ies, there is no need for a preoperative invasive urodynamic assessment. Indeed, any 
urodynamic parameter in DB does not exclude its suitability for kidney transplanta- 
tion. Moreover, evidences show an excellent recovery of all of the storage urody- 
namic dysfunctions after the operation [17]. 

Ultimately before KT, voiding and bladder function must be evaluated in all 
potential recipients with a normal amount of urine output [32]. Post-void residual 
volume should be measured in these patients and it would be more useful if done in 
conjunction with a free uroflowmetry. Invasive urodynamic assessment (filling cys- 
tometry, pressure-flow study) with voiding cystogram or video-urodynamics is indi- 
cated in LUT symptomatic patients with a pathologic finding in voiding parameters 
and/or residual urine. Invasive urodynamic assessment is not indicated in patients 
with oligo/anuria (<300 mL/day) [33]. With low urine output, the bladder is defunc- 
tionalized and prediction of post-transplant voiding complications cannot be made. 


13.4 Outcomes and Complications 


A common surgical approach to ureteral implantation during renal transplant sur- 
gery (Fig. 13.1) consists in an extravesical route without (direct anastomosis) or 
with an antireflux procedure such as described by Barry J.M. or Lich-Gregoir tech- 
nique [34, 35]. Therefore, an indwelling bladder foley catheter and a ureteral double 
J stent are placed, while, if the graft has success, urine production usually starts 
within a few hours from operation. Hence, during the first 6 days from surgery, the 
bladder is drained by the indwelling catheter to protect the graft ureteral-bladder 
anastomosis. If no complication occurs, after this period the indwelling bladder 
catheter is removed, whereas the ureteral double J stent is left in place. Then, the 
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Fig. 13.1 Extravesical ureteroneocistostomy. (a) Exposure of bladder mucosa. (b) Ureteral- 
bladder anastomosis with separated stiches 


Fig. 13.2 Voiding 
cystogram showing 
vesicoureteral reflux in a 
left iliac fossa 
transplanted kidney 


bladder should spontaneously begin its filling-emptying cycle, and the patient 
regains its micturition capacity. However, surgical and medical complications may 
occur in this period and they include urinary tract infections, delayed wound heal- 
ing, vascular complications, lymphoceles, symptomatic vesicoureteral reflux, ure- 
teral stenosis, urinary fistula, etc. [36—40]. 

A KT in a DB, expose the patients to an increased risk of urinary surgical com- 
plications. Indeed, vesicoureteral reflux (Figs. 13.2 and 13.3) appears to be more 
common in bladders with a pre-transplant small capacity (<80 mL), thus reducing 
the graft function over time. Moreover, the surgical technical difficulty of a uretero- 
neocystostomy in a DB seems increased, thus partially explaining the higher surgi- 
cal complication rate. Therefore, Salvatierra et al. in 1999, proposed new original 
surgical techniques to easily overcome these difficulties [41]. Nevertheless, results 
are not clear, as some authors report no difference in complication rate in patients 
with pre-transplant small bladders (<100 mL) when compared to others. Furthermore, 
also a reduced compliance seems to be unrelated to surgical complication rate [3, 
16, 22, 25]. Notwithstanding the technical difficulties and the relative higher 
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Fig. 13.3 Voiding cystogram during Valsava manoeuvre showing vesicoureteral reflux in a left 
iliac fossa transplanted kidney and in native left kidney 


surgical complications risk, a study on 55 patients with a follow up of more than 
10 years by Salman et al. in the 2018 showed that a kidney transplantation in an 
abnormal bladder provided outcomes similar to the control group [42]. However, 
Serrano et al. in 1998 in a small series of carefully selected patients proved that KT 
in a long-term DB was safe and provided good outcomes even at long-term follow 
up, just if a bladder rehabilitation was accomplished prior to the transplant. The DB 
rehabilitation that they proposed consisted by cycling through a suprapubic tube or 
urethral catheter, without any bladder surgical augmentation [14]. Previously, 
patients who undergone enterocystoplasty (e.g. neurogenic bladder) prior to KT in 
order to improve their bladder capacity, remain on intermittent catheterization regi- 
men after transplant. 

However, making a decision about the timing of the reconstructive or replace- 
ment interventions (e.g. bladder augmentation, urinary conduit, pouch, or in spo- 
radic cases a neobladder) is always very challenging [43, 44]. 
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Patients’ waiting-list for renal transplantation are generally long, as the moment 
when an organ is suitable for that recipient depends on histocompatibility, blood 
group, level of immunization, age, and many other variables [45]. 


13.5 Conclusions 


According to literature, a KT may be safely performed in a patient having DB, with 
outcomes similar to preemptive patients or in recipients with a maintained diuresis 
(such as happens in many Autosomal Dominant Polycystic Kidney Disease— 
ADPKD—tecipients), without any prior DB re-training or surgical augmentation. 
Studies both on animal models and in human subjects show that within 1 year from 
transplant, DB recover a normal range of urodynamic parameters, thus overcoming 
both low compliance and small capacity. Uncertainty remains when we consider the 
surgical complications risk, as technical difficulties emerge, and complication rate 
could be higher than in non-DB patients. 

All these findings, besides their limitations, provide a new view of a DB, as a 
transient state of the bladder more than an irreversible alteration. Indeed, pathologi- 
cal alterations occur, but when the condition of oligo/anuria ends, the bladder recov- 
ers its normal structure with a proper connective tissue-to-muscle ratio. Moreover, 
the molecular expression of bladder receptors, despite minor changes, seems to 
remain mainly unaltered with no physiological function consequences. Thus, a suc- 
cessful kidney transplantation may provide a complete recover of a DB. 
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14.1 Introduction 


To date, the accuracy of noninvasive tests for the identification of diagnostic, prog- 
nostic and predictive biomarkers of non-neurogenic bladder dysfunction is limited 
due to studies heterogeneity and their controversial results [1, 2]. 

Imaging provides direct information about the bladder and the other anatomical 
structures of the lower urinary tract (LUT), whose alterations can affect normal 
bladder function, though no direct correlation exists between anatomical and func- 
tional abnormalities. Therefore, imaging findings do not necessarily correspond to 
a specific functional disorder. This is mainly due to the fact that lower urinary tract 
dysfunction (LUTD) is multifactorial in origin and it is characterized by complex 
clinical pictures with coexistence of more than one condition. Moreover, no thresh- 
old values or quantitative scores for these imaging findings have been defined yet. 

For the above reasons, today imaging plays an optional role in the assessment of 
bladder dysfunctions such as urinary incontinence (UI) and lower urinary tract 
symptoms (LUTS) and it is not recommended in the routine diagnostic workup of 
LUTD [3-7]. 

In clinical practice, to optimize cost-effectiveness, imaging modalities with low 
biological and economic costs are preferred, ultrasound (US) above all. 

A simplification of biomarkers semeiotics and their multidisciplinary assessment 
with clinicians is also required. An integrated diagnostic approach combining imag- 
ing findings with other clinical, laboratory and urodynamic results is therefore 
essential. 
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US is the first-choice imaging modality due to its cost-effectiveness, lack of radi- 
ation exposure, noninvasiveness, and wide availability. It can be performed by a 
non-dedicated operator as a complementary tool to physical examination or by an 
imaging dedicated operator: in both cases, it is essential to use standardized 
approaches and report systems for better comparability and reproducibility. The 
operator should also be familiar with the clinical and functional implications of 
LUTD and should be trained to perform different US approaches: transabdominal 
US (TAUS), transperineal US (TPUS), transrectal US (TRUS), and transvaginal 
US (TVUS). 

Voiding cystourethrogram (VCU) should be considered today as a secondary 
imaging modality, with its high biological cost, and it should not be recommended 
in the routine diagnostic workup of LUTS and UI since it doesn’t provide any addi- 
tional information to US. It still plays a role in the diagnosis of vesico-ureteral 
reflux and urethral disorders such as stenosis and diverticula. 

Due to its high cost and limited availability, MRI plays a role only in the evalua- 
tion of bladder or prostatic cancer and in the diagnosis of complex cases of pelvic 
prolapse, mainly those involving the posterior compartment. CT imaging provides 
detailed information about bladder and pelvic anatomy and it is mainly employed in 
cancer staging. 

In daily practice, though, the choice of imaging modalities depends largely on 
the equipment available and on the local expertise more than on real 
cost-effectiveness. 

The aim of this chapter is to provide useful information on the use of imaging, 
primarily US, in the diagnosis of LUTD. 

Due to the differences in the anatomy of LUT in males and females, resulting in 
different pathological disorders and clinical presentations, and to the different ultra- 
sound approaches available in the two genders, the diagnostic ultrasound assess- 
ment of LUTD in men and women will be discussed separately. 


14.2 Urogynecology 


LUTD is common in middle-aged women and it usually manifests with symptoms 
of urinary incontinence, urinary urgency, nocturia, and voiding dysfunction. These 
clinical manifestations may result from a wide range of disorders including urinary 
stress incontinence (USI), based on weak pelvic muscles or intrinsic sphincter defi- 
ciency (ISD), overactive bladder (OAB), with or without detrusor overactivity (DO), 
under active bladder (UAB), reduced bladder compliance, and rarely urethral 
obstruction. 

Clinical assessment and urodynamic studies (UDS) are the gold standard for the 
diagnosis of LUTD. UDS are expensive and invasive tests; they require specific 
technical expertise and carry high risk of infections, despite aseptic techniques. 

Many clinicians consider US to be a valuable complementary tool to clinical 
assessment for the evaluation of patient’s morphology ad dynamic anatomy [8]; 
nevertheless, the latest guidelines do not recommend imaging as part of the routine 
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workup of noncomplicated urinary incontinence [3, 4, 6, 7]. LUT and pelvic floor 
information useful to the clinician that can be evaluated with US are: PVR, BWT, 
urethral status particularly mobility and funneling, bladder prolapse evaluation, 
related upper urinary tract abnormalities and therapeutic results monitoring. 

TAUS represents the first-choice imaging modality in patients with LUTD. It 
provides information about upper urinary tract and kidneys disorders which can 
result in LUTD, such as acute or chronic pyelonephritis and hydronephrosis, related 
to either vesico-ureteral reflux or obstruction. TAUS can also detect bladder abnor- 
malities such as urothelial tumors and lithiasis and it provides an initial assessment 
of the uterus and adnexa (Figs. and ): 

TAUS is performed with a curved array transducer (3—6 MHz) and requires an 
adequately distended bladder. It can also estimate bladder volume, particularly PVR 


Fig. 14.1 TAUS: UUT and renal findings. (a) Mild urinary stasis (Grade I) Pyelocaliectasis with 
anechoic separation of renal sinus. Normal thickness of the renal parenchyma. (b) Moderate uri- 
nary stasis (Grade IL) Marked calyceal dilatation and pyelectasis. Parenchyma normal or slightly 
thinned. (c) Pyelonephritis with pyelo-ureteritis. Mild thickening and hyperechogenicity of pyelic 
(left image) and ureteral (right image) walls 


162 S. Agostini et al. 


Fig. 14.2 TAUS: LUT and pelvic findings. (a) Bladder stone. (b) Bladder diverticula. (c) Ureteral 
stone. (d) Urothelial carcinoma. (e) Uterine fibroma. (f) Ovarian cyst 


and bladder capacity; in particular, TAUS is considered the gold standard technique 
for the evaluation of post-void residual urine (PVR) and its use is widely accepted 
and validated in the main guidelines [4], being accurate and easy to perform. Volume 
and PVR can easily be obtained from images in the sagittal and transverse plane 
recording the greatest transverse, anteroposterior and superior-inferior diameters 
and using a simple formula among those reported in the Literature [2]; PVR can 
also be calculated by automated systems, available on most US equipments and 
bladder scanners (Fig. J: 
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Fig. 14.3 TAUS: Determination of PVR. (a) Midsagittal scan. Measurement of anteroposterior 
and superior-inferior diameters. (b) Mid-axial scan. Measurement of transverse diameter 


Fig. 14.4 TPUS 
midsagittal plane at rest: 
identification of anatomical 
structures. SP symphysis 
pubis, B bladder, U 
urethra, Ut uterus, UC 
uterine cervix, V vagina, R 
rectal ampulla, AC 

anal canal 


Bladder wall thickness (BWT) measurement is also possible but image quality is 
adversely affected by patient’s body mass index (BMI). Moreover, BWT is influ- 
enced by the level of bladder filling, so standardization criteria are needed. 

TPUS examination should represent an essential tool in urogynecologic imaging 
and it is nowadays a widely accepted imaging modality in clinical practice. The struc- 
tures of the lower genitourinary tract and pelvic floor can be visualized with a repro- 
ducibility close to 100%: TPUS images always include the symphysis pubis, bladder, 
bladder neck, urethra, vagina, uterus, rectum and anal canal (Fig. ) (9, 10]. 
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Both a morphological and dynamic assessment can be performed. Images 
obtained at rest and during Valsalva maneuver can detect the physiological postero- 
inferior descent of the bladder and urethra with increased intra-abdominal pressure; 
any pathological movement can thus be detected. The position of the bladder and 
urethra are determined in relation to the central axis of the symphysis pubis or to the 
infero-posterior symphyseal margin. A technical expertise is required, but this is 
easily accomplished due to standardization of the technique and to a rapid learning 
curve. Images interpretation requires also clinical knowledge of pelvic floor 
disorders. 

Two-dimensional (2D) TPUS, provides an optimal assessment of bladder dys- 
function disorders. The introduction of three-dimensional (3D) static and four- 
dimensional (4D) dynamic systems has allowed a volumetric and multiplanar 
evaluation of the pelvic floor, including the axial plane, not visible using 2D 
US. Moreover, real-time volume ultrasound data can be acquired with 4D imaging. 
These techniques are particularly helpful in the assessment of pelvic organ prolapse, 
which is beyond the scope of this chapter [10]. 

TPUS is performed with the patient in the dorsal lithotomy position and requires 
preferably not full bladder. A curved array transducer (3—6 MHz) with high field of 
view (70-85°) is placed on the perineum between the mons pubis and the anal canal. 
Images are obtained in the midsagittal plane and in the semi-coronal plane. Images 
quality in not influenced by patient BMI. Bladder movement during Valsalva 
maneuver is the same both in the supine and standing position; so even if at rest the 
bladder is located more inferiorly relatively to the reference planes, the supine posi- 
tion is not considered a limit to the exam [9]. 

A review of the Literature in the last International Consultation on Incontinence 
(ICI) book [3] confirmed TPUS to be as effective as MRI and VCU in the diagnosis 
of LUTD in women with the three imaging techniques having equivalent sensitivity, 
specificity and reproducibility (confidence index—C]). 

TVUS is usually performed by the gynecologist as a complementary tool to 
physical examination. It allows a better evaluation of the reproductive system organs 
and it can be integrated with the assessment of the bladder. This approach provides 
an excellent visualization of the bladder wall, but pelvic organs motility studies are 
limited due to the positioning of the endfire convex probe in the vagina; image dis- 
tortion due to compression of adjacent structures, particularly the urethra, is also an 
issue. Patient BMI do not influence image quality [11]. 


14.2.1 Bladder US Findings in Urogynecology 


14.2.1.1 PVR 

PVR represent the amount of residual urine in the bladder after a voluntary void. It 
can be measured both with a transabdominal, transperineal or transvaginal US 
approach. An elevated PVR indicates bladder outlet obstruction and/or detrusor 
underactivity and in women it has been associated with UAB, bladder prolapse 
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(particularly high-grade bladder prolapse), urinary incontinence therapies and, 
rarely, with urethral disorders. 

No pathological PVR threshold has been defined yet; a review of the literature in 
the last ICI Book [3] suggested that it should be considered as insignificant a PVR 
<30 mL, while PVR persistently >50 mL should indicate a voiding deficit and PVR 
>200 mL could indicate a LUTD. However, 95% of peri/postmenopausal asymp- 
tomatic women will have a PVR of less than 100 mL. 

In clinical practice, the more elevated the PVR is, the more likely it is to find an 
underlying dysfunction. Association of increased bladder capacity, defined as a 
maximum bladder filling capacity greater than 400 mL, and elevated PRV suggests 
the presence of UAB [6, 12]. 


14.2.1.2 BWT 
US noninvasive measurement of BWT as an alternative to UDS in the differential 
diagnosis of LUTD in women has been widely evaluated in the last 25 years 
[13-15]. 

Several intrinsic limitations should be considered when using BWT in clinical 
practice: 


— BWT represents the sum of thickness of the mucosa, detrusor and adventitia; a 
high-frequency linear array probe (6-12 MHz) with 10x magnification should be 
preferred. BWT increases physiologically with age in both genders, with differ- 
ences between men and women. Moreover, given the same BWT, the involve- 
ment of each layer varies in different pathological conditions, for example in 
inflammatory disorders and in cancer. So Oelke and co proposed to measure only 
detrusor wall thickness [16] based on the assumption that the mucosa and adven- 
titia would appear hyperechoic while the detrusor would appear hypoechoic 
on TAUS. 

— Different ultrasound approaches can be used to determine BWT; they need dif- 
ferent standardization criteria and are not affected in the same way by the 
patient’s BMI; so, data from different approaches are not comparable. 

— Associated clinical conditions, such as mixed urinary incontinence, make it dif- 
ficult to define reliable threshold values. 


Due to the hypothesis that an increase in BWT reflects an overload of the detru- 
sor muscle, OAB, and in particular DO, were studied first. 

A BWT value greater than 5 mm using a transvaginal approach was found to be 
a sensitive predictive marker of detrusor instability with a positive predictive value 
of 94% by Khullar and coworkers since 1994 [13]. Standardization issues were 
taken into considerations: mean bladder wall thickness was calculated as an average 
of three measurements taken at the thickest part of the trigone, dome of the bladder 
and anterior wall of the bladder. PVR needed to be less than 50 mL to avoid bladder 
filling influence (Fig. 14.5a). A high level of Interobserver and intra-observer agree- 
ment was found (CI 95%, SD +2). 
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Fig. 14.5 Determination of BWT. (a) TVUS: midsagittal plane. Mean bladder wall thickness is 
calculated as an average of three measurements taken at the thickest part of the trigone, dome of 
the bladder and anterior wall of the bladder. (b) TPUS: midsagittal plane. Bladder thickness is 
calculated at the thickest part of the dome of the bladder. SP symphysis pubis, U urethra 


Further studies proposed a BWT value greater than 6 mm as a reliable diagnostic 
and predictive marker of DO in alternative to UDS with great advantages in terms 
of costs, safeness and invasiveness. Both a transvaginal, transperineal and transab- 
dominal approach were studied, with the transvaginal one having the lowest Inter- 
and intra-observer variability. Standardization criteria for these approaches were 
suggested. TPUS assessment of BWT, which is not dependent on BMI, should be 
performed with a PVR <50 mL and bladder wall thickness should be obtained on a 
sagittal plane at the dome of the bladder; a cutoff value of 5 mm was found to be 
predictive of DO. For TAUS, a bladder filling volume >250 mL has been proposed 
by some authors based on either natural or catheter filling (US-cystometry) studies 
to avoid BWT dependence on bladder capacity but no consensus has been reached 
yet. BWT measurement should be obtained at the anterior wall of the bladder and a 
cutoff value of 3 + 1 mm should be used to reduce Interobserver Variability [14, 15, 
17] (Figs. 14.5b and 14.6). 

Due to contradictory reports and critic reviews of previous studies [17—20], from 
2010 the role of BWT in clinical practice has been questioned for the lack of stan- 
dardization criteria and due to overlapping values between different pathological 
disorders. A recent multicentric randomized prospective study [21] showed that 
BWT assessment by transvaginal US had a sensitivity of 43% and a specificity of 
63% in the diagnosis of urodynamically confirmed DO. So, the Authors concluded 
that BWT US measurement is not a reliable or reproducible test for the diagnosis of 
DO or to predict OAB symptoms. Therefore, it should not be used as an alternative 
to UDS in the diagnostic evaluation of OAB or in the differential diagnosis with 
USI. No consensus has still been reached but based on these last results the latest 
EAU guidelines do not recommend the use of BWT in the management of OAB and 
UI (LE 3). However, BWT measurement can easily be obtained during transvaginal 
US and it has a good reliability; TPUS and TAUS measurements are also easy to 
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— 


Fig. 14.6 Determination of BWT and DWT. (a) Preliminary TAUS determination of PVR 
>250 mL. (b) TAUS performed with a convex array probe. (c) TAUS performed with a high- 
frequency (7.5 MHz) linear array probe with 10x magnification 


obtain but they are less reliable. We can conclude that, in clinical practice, BWT 
measurement, if associated with other imaging and clinical findings, can contribute 
to a first noninvasive diagnosis of OAB. 

Recent studies have shown controversial and unpredictable results about the use 
of TAUS BWT measurement in patients with LUTS due to UAB, USI, reduced 
bladder compliance, and ISD. Further studies are needed to investigate the possible 
clinical role of BWT due to the complexity of clinical pictures and pathophysiology 
of LUTD [6]. 


14.2.2 Extravesical US Findings in Urogynecology 


Urethral mobility, funneling and pelvic organ prolapse also play an important role 
in the diagnostic workup of LUTD. 
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14.2.2.1 Urethral Hypermobility 

Urethral hypermotility results from impairment of the urethral supporting structures 
and it is thought to be associated with stress urinary incontinence; surgical options 
are available and can reduce or resolve the disorder [3]. 

The postero-inferior descent and rotation of the bladder neck and urethra dur- 
ing Valsalva maneuver can be assessed by imaging; no correlation exists between 
any specific pattern of urethral and bladder movement and UI, though. 2D TPUS 
is the best technique for the real-time evaluation and quantification of urethral 
mobility. Bladder neck descent is determined by the difference between mea- 
surement at rest and during Valsalva using the central axis of the symphysis 
pubis and its infero-posterior margin as points of reference. In alternative, varia- 
tions in the urethral axis orientation can be used. All these structures can be 
identified with high reliability and TPUS measurements are highly reproduc- 
ible. Many biometric findings have been investigated over the years such as the 
variations of urethral angles (e.g., retrovesical angle between proximal urethra 
and trigone) and the difference in bladder neck position relative to the symphy- 
sis pubis references axis at rest and on Valsalva; vector-based measurements of 
the rotational movement of the urethrovesical junction in the postero-inferior 
direction were also evaluated (Fig. 14.7) [9, 10]. A great overlap between find- 
ings in healthy women and in patients with UI exists. For this reason, the latest 
EAU guidelines found no evidence of clinical benefit in using bladder neck and 
urethral mobility measurements in the management of UI [4]. However, in clini- 
cal practice it is important to detect a reduced or absent bladder neck and ure- 
thral mobility in patients with USI, as reported by the AUA guidelines [7], 
because it can suggest the presence of an ISD (Fig. 14.8). Diagnosis of an ISD, 
which can be associated with urethral funneling and an increased BWT, is 
important since it affects therapeutic options. Urethral mobility evaluation is 
also important in mixed urinary incontinence, independent of BWT, because 
correction of urethral hypermobility improves symptoms. All this information 
can be easily obtained with TPUS. 


14.2.2.2 Funneling 

Urethral funneling is defined as the widening of the proximal urethra at the vesical 
neck. It is a phenomenon in which, during straining, urine enters the proximal ure- 
thral tract and continence is dependent only on the striate urethral sphincter located 
in the distal portion of the urethra [3]. Urethral funneling is demonstrated with 
TPUS, rarely with TAUS. TVUS evaluation is limited due to image distortion and 
compression of adjacent structures. 

Urethral funneling is observed in: 


— USI in ISD associated with low closure pressures, or in bladder neck hypermo- 
bility in presence of defective supporting mechanisms. 

— OAB, with or without DO, as a consequence of increased bladder pressure. 

— Hypersensitive Bladder as a possible cause of detrusor contraction. 
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Fig. 14.7 TPUS: Determination of bladder neck movement in midsagittal plane at rest (R) and on 
Valsalva (V). (a) Bladder neck horizontal (Ax) and vertical (Ay) translation in relation to the cen- 
tral axis of the symphysis pubis. (b) Bladder neck descent (Ad) in relation to the infero-posterior 
symphyseal margin. (c) Retrovesical angle (angle between proximal urethra and trigone) 
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Fig. 14.8 TPUS: midsagittal plane at rest (r) and on Valsalva (v). (a) Bladder neck hypermobility 
in lower anterior vaginal wall prolapse. (b) Absent bladder neck and urethral mobility in ISD 


— Inferior cystocele with urethrocele. 
— Urethral obstruction. 
— Healthy continent patients, also at rest. 


Since urethral funneling can be observed in a great variety of conditions, its 
visualization alone is not significant. Associated US findings such as bladder neck 
mobility and BWT are needed for clinical interpretation (Fig. 14.9) [10]. A qualita- 
tive and quantitative assessment of the urethral status is not possible with two- 
dimensional US, independently on the approach used. Three-dimensional imaging, 
obtained with a 360° rotational 3D-endovaginal US, allows measurements of the 
urethral length, thickness and volume and of the striate sphincter alone. A good cor- 
relation between these findings and urodynamic data and post-surgical outcome has 
been observed; however, this technique is still not widely available and it is mainly 
used for research purposes [22]. 


14.2.2.3 Pelvic Organ Prolapse (POP) 

Anterior vaginal wall prolapse is clinically classified as superior or inferior and it is 
quantified using the International Continence Society Pelvic Organ Prolapse 
Quantification system (ICS-POP-Q) or the Baden—Walker Halfway Scoring System. 
Imaging is increasingly used in the evaluation of POP because a better and objective 
evaluation and quantification of the underlying functional and anatomical alteration 
can improve the surgical outcome. 2D TPUS, through a sagittal dynamic evaluation, 
allows visualization of bladder descent during Valsalva and involvement of the 
uterus and rectal wall, if present. Moreover, this technique provides information 
about the type of cystocele, particularly in case of combined forms, clinically diffi- 
cult to diagnose. 

Prolapse of the lower anterior vaginal wall involves the urethra and the portion of 
the bladder anterior to the inter-ureteral bar; an association with SUI is possible. 
Prolapse of the upper anterior vaginal wall is characterized by descent of the portion 
of the bladder posterior to the inter-ureteral bar, with reduced bladder neck descent, 
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Fig. 14.9 TPUS: midsagittal plane on Valsalva: widening of the proximal urethra at the vesical 
neck (Funneling). (a) Urethral Hypermobility. (b) Intrinsic Sphincter Deficiency. (c) OAB. (d) 
Inferior cystocele 


by kinking of the urethra and by closure of the vesico-urethral angle; it can be asso- 
ciated with a voiding dysfunction, PVR, OAB and latent incontinence. Identification 
of these US findings allows better characterization and interpretation of clinical 


symptoms (Fig. ). 
In the assessment of complex pelvic organ prolapse and posterior POP MRI 
plays a central role [23, 24]. Due to the possibility of obtaining images in the axial 


plane, 3D, and in particular 4D transperineal US have been increasingly used in the 
evaluation of the levator ani muscle and pelvic hiatus [25, 26]. 
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Fig. 14.10 TPUS midsagittal plane at rest (R) and on Valsalva (V): prolapse evaluation. (a) 
Inferior cystourethrocele: bladder neck descent, with wide retrovesical angle and funneling. (b) 
Superior isolated cystocele: bladder descent, with intact retrovesical angle and absence of funneling 


14.3 Male LUTS 


The prevalence of LUTS in men increases with age: most elderly men experience at 
least one LUTS [27]. They have been mainly attributed to bladder outlet obstruction 
(BOO), in particular to benign prostatic obstruction (BPO). BPO is the clinical 
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manifestation of benign prostatic enlargement (BPE), an increase in the volume of 
the transitional zone (TZ) around the urethra occurring in adult-elderly men, due to 
benign prostatic hyperplasia (BPH) [28, 29]. BPH is a histological diagnosis and it 
refers to the proliferation of smooth muscle and epithelial cells in the TZ. BPO is 
one of the most common causes, but the differential diagnosis of LUTS includes a 
wide range of urological and non-urological conditions. Several authors have shown 
that bladder dysfunction, unrelated to the prostate, such as detrusor overactivity 
(DO) with or without reduced bladder compliance, and detrusor underactivity (DU), 
can result in LUTS [30]. DO was shown to be present in 61% of men with LUTS 
attributed to BPE, independently of the BOO grade [31]. The prevalence of DU in 
men with LUTS ranged from 11 to 40% in different case studies, and it increased 
with ageing [32, 33]. Urodynamic pressure-flow studies are essential in determining 
the etiology of LUTS [29]. 

The role of imaging in the assessment of LUTS is to provide key informa- 
tion for the differential diagnosis and to determine the best therapeutic options, 
supporting clinical evaluation and UDS, and avoiding the latter when possible. 
Nevertheless, UDS remain the most definite tests to characterize LUT 
dysfunctions. 

In clinical practice, bladder and prostate imaging evaluation is performed with 
US [34]. MRI plays a role only in the evaluation of bladder and prostate cancer; 
VCUG use is limited to the assessment of urethral pathologies, vesico-ureteral 
reflux, bladder diverticula and postoperative prostate findings after surgical treat- 
ment; CT is not useful in the diagnosis of prostate pathology and its role is limited 
to cancer staging. However, before performing surgery to correct LUTS due to BPE, 
cross-sectional studies performed for other reasons, MRI above all, have to be 
reevaluated in order to assess prostate morphology and size. Therefore, imaging 
reports must always include this information. 

TAUS with a curved array transducer (3—6 MHz) represents the first-choice 
imaging modality in the primary assessment of male LUTS. The upper urinary 
tract should be also evaluated in order to detect disorders that can result in LUTD 
such as hydronephrosis and pyelonephritis or to detect incidental findings. An 
adequately distended bladder is required. In fact, an excessive bladder filling 
would impair bladder wall assessment and PVR measurement. TAUS can also 
detect diverticula and bladder stones related to BOO, or incidental urothelial 
tumors, and it allows an initial estimate of bladder volume (Figs. 14.1 and 14.2). 
PVR measurement with TAUS is preferred to catheterization and it is recom- 
mended by the main urology guidelines [4, 35]. It can also be used to measure 
BWT but adequate standardization criteria and technique are needed. TAUS 
allows also the assessment of prostate shape and size, despite some limitations 
due to patient’s BMI and body habitus. 

TRUS performed with linear array high-frequency probes (5-7.5 MHz) allows 
an optimal evaluation of prostate morphology and dimensions and clearly visualizes 
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the prostate zonal anatomy, differentiating the TZ from the PZ, and the surgical 
capsule. Different endocavity transducers are available: linear sagittal, convex axial 
and convex endfire. The best visualization of the gland is achieved with a biplane 
probe providing images in both the sagittal and axial plane (Fig. 14.11). The assess- 
ment of prostate size is relevant to the choice of interventional treatment, such as 
open prostatectomy, enucleation techniques, transurethral resection, transurethral 
incision of the prostate or minimally invasive therapies. It is also relevant prior to 5 
alpha-reductase inhibitors (5-ARI) therapy. Anyway, prostate shape also influences 
BOO [5, 36]. 

We will discuss the ultrasound biomarkers proposed for the dimensional and 
morphological evaluation of the prostate. 


14.3.1 Bladder US Findings in Male LUTS 


14.3.1.1 PVR 

PVR (Fig. 14.3) can easily be measured with TAUS. An elevated PVR can indi- 
cate a BOO, a DU or an association of the two, where detrusor decompensation 
occurs [37, 38]. Due to great test-retest variability and to the lack of outcome 
studies, a PVR threshold for BOO treatment has not been defined yet. For the 
prediction of BOO, a PVR threshold of 50 mL has a positive predictive value 
(PPV) of 63% and a Negative Predictive Value (NPV) of 52% [39]; these values 
increase if a higher threshold is used. PVR values <50 mL does not indicate any 
pathology while high PVR values are associated with an increased risk of symp- 
tom progression. Large PVR (>200-300 mL) may suggest marked bladder dys- 
function and may lead to unsatisfactory invasive therapy results for bladder outlet 
obstruction (BOO) [35]. Given the lack of a defined threshold, monitoring PVR 
variations over time is of great importance. In fact, an increase in PVR values 
was shown to be significant in identifying patients at risk for acute urinary reten- 
tion (AUR) [40]. Monitoring of changes in PVR is particularly important in 
patients on antimuscarinic and alfal-blockers medication or on watchful waiting 
(WW) strategy [40, 41]. In conclusion, the use of PVR in the primary assessment 
of male LUTS is weakly recommended by the main urology guidelines [4, 42]; 
nevertheless, since it is easily measured, it should always be included in the 
TAUS evaluation of patient’s with LUTS. 


14.3.1.2 BWT/DWT 

Assessment of bladder wall thickness (BWT) and detrusor wall thickness (DWT) is 
based on the assumption that in DO or BOO/BPE, an increase in detrusor activity 
results in an increase in BWT. This has been widely demonstrated in animal and 
human studies [43, 44] by the identification of three stages: a hypertrophy and a 
compensation stage attributed to detrusor smooth muscle cells hypertrophy and 
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hyperplasia, and a decompensated stage characterized by increased collagen depo- 
sition [43, 45]. In men, BWT measurement can only be assessed with a transab- 
dominal approach and the use of a high-frequency linear array probe (6—12 MHz) 
with a 10x magnification should be preferred to the abdominal convex probe, as it 
was found to be more accurate [16]. 

BWT values were significantly different in patients with BOO and in healthy 
subjects, with a diagnostic accuracy of 86% using a cutoff value of 5 mm [46]. 
However, it should be considered that different cutoff values were used across stud- 
ies, particularly in relation to the varying degree of bladder filling [46, 47]. Oelke 
and co showed how DWT decreases rapidly until a bladder filling of 250 mL is 
achieved, while for bladder fillings >250 mL no significant differences in DWT 
values were observed [16]. These standards of technique and bladder filling are 
feasible in clinical practice, although other authors [44] use a minimum bladder fill- 
ing of 150 mL and a 3.5 MHz convex probe. In a review of the Literature [1] a 
threshold of 2 mm for DWT was found to be predictive of BOO with a median Se 
of 83%, Sp of 93%, PPV of 90%, and NPV of 85%; the above results improve if a 
higher threshold is used, such as 2.9 mm (Fig. 14.6) [1]. 

Few studies investigate the correlation between DU and DWT; DWT <1.23 mm 
and a bladder capacity >445 mL was found to be highly predictive of DU [12]. 

However, BWT and DWT measurements do not allow a differentiation between 
the “compensation” and “decompensated” stages. 

For a noninvasive diagnosis of DO it is necessary to correlate ultrasound findings 
of PVR and prostate size and shape with clinical findings, since no significant dif- 
ferences in BWT/DWT were observed between patients with BOO and DO [48]. 

Due to study heterogeneity, the small number of studies for each test and the lack 
of standardization criteria, the EAU guidelines do not recommend to include BWT/ 
DWT evaluation in the diagnostic workup of LUTS. 


14.3.1.3  UEBW 

Ultrasound estimated bladder weight (UEBW) has been proposed as an alterna- 
tive biomarker to overcome BWT/DWT variability in relation to bladder filling vol- 
ume. It is calculated using mathematical formulas assuming that the bladder 
resembles a sphere or an ellipsoid and by measuring the intravesical volume and 
total bladder volume, the latter including the bladder wall [46, 49]. UEBW is then 
calculated by multiplying the volume of the bladder wall (total bladder volume- 
intravesical volume) by the specific gravity approximated to 1. This method is not 
widely used in clinical practice due to its complexity and because small measure- 
ment errors may be amplified [1, 46, 49]. 


14.3.2 Prostate US Findings in Male LUTS 


The severity of the obstruction and the likelihood of complications correlate with 
both prostate size and shape. In fact, a large prostate may result only in a 
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low-grade obstruction, while small periurethral hyperplastic nodules may cause 
severe symptoms. 

TRUS is superior to TAUS in evaluating prostate volume [50]. Different volumes 
have been investigated: total prostate volume, transitional zone volume, or the ratio 
between the two. The measurement can easily be obtained by assuming the prostate 
and the TZ resemble an ellipsoid, but it is important to consider also the median 
lobe. In fact, the presence of a median lobe may affect both the grade of the obstruc- 
tion and the choice of minimally invasive treatments, independently of the total 
prostate volume [4] (Fig. 14.11). Therefore, biomarkers assessing both prostate size 
and configuration should be used, such as presumed circle area ratio (PCAR), intra- 
vesical prostatic protrusion (IPP), and prostatic urethral angle (PUA). 


14.3.2.1 PCAR 

PCAR indicates how closely the shape of the prostate resembles a circle. In a trans- 
verse section, a normal prostate assumes a thin triangular shape, while when BPH is 
present the gland appears with “squared shoulders” in the early stage and is round 
in shape in the advanced stage; the degree of urethral compression and thus the 
occurrence of BPO increase progressively as the prostate shape becomes more 
round, although a great inter-individual variability is present [51]. On TRUS, PCAR 
is calculated as the ratio between the area of the maximum horizontal section of the 
prostate and the area of the presumed circle with the same circumference [51-53] 
(Fig. 14.12). The closer the PCAR value is to 1.0, the more the prostate shape 
resembles a circle. Normal PCAR values are around 0.6, while in BPH they are usu- 
ally greater than 0.75. A PCAR value of 0.8 was found to be predictive of BPO with 
an Se of 77% and an Sp of 75% [51, 52]. Although it is recommended to obtain 
PCAR measurement using a biplanar endorectal probe in a horizontal section, cut- 
off values and scanning planes used vary in different studies, and the measure suf- 
fers from intra- and interobserver variability. Moreover, since PCAR is not easily 
calculated, its use in clinical practice is limited. 


14.3.2.2 IPP 

IPP represents the vertical distance from the tip of the prostate median lobe to the 
bladder circumference at prostate base, in the midsagittal plane using a transab- 
dominal or transrectal approach, with a standardized bladder filling of 150-250 mL 
[49]; in fact, it appears that greater bladder filling levels may reduce the measure- 
ment [54, 55]. A 10 mm cutoff is mostly used for diagnosing BPO, with a median 
Se of 68%, Sp of 75%, PPV of 74%, and NPV of 69% [1]. IPP is classified into 
grade I for values of 0—4.9 mm, grade II for values of 5-10 mm, and grade III for 
values >10 mm (Fig. 14.13). IPP represents a valid diagnostic biomarker for the 
diagnosis of BPO, showing a good correlation with Q,,,, and DWT, and a valid pre- 
dictive biomarker for medical and surgical treatment outcomes [56] and for func- 
tional recovery after catheterization due to AUR [48, 54]. Although not recommended, 
IPP ultrasound assessment is considered a promising tool for the diagnosis of BPO 
in the EAU guidelines, being reliable and easily measurable; no data are available 
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Fig. 14.12 Determination of PCAR, calculated as the ratio of the measured area to the PCA. PCA 
is calculated as 2(L/2z)’, where “L” is the prostatic circumference measured on the axial plane. 
Patient 1: (a) TRUS performed with an endfire probe: PCA is 31.15 cm? PCAR is 0.87 
(27.28 cm?/31.15 cm’). (b) TRUS performed with an endocavity biplane probe: PCA is 29.09 cm? 
PCAR is 0.86 (24.95 cm?/29.09 cm?). Similar PCAR values are obtained with the two approaches. 
Patient 2: (c) TRUS performed with an endocavity biplane probe. PCA is 19.84 cm? PCAR is 0.74 


(14.75 cm?/19.84 cm’) 
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Fig. 14.13 Determination of IPP. (a) TAUS: midsagittal plane grade I protrusion (0O-4.9 mm). (b) 
TAUS: midsagittal plane grade II protrusion (5-10 mm). (c) TAUS: midsagittal plane grade HI 
protrusion (>10 mm). (d) TRUS performed with a linear probe: midsagittal plane grade I protrusion 


yet regarding reproducibility and learning curve; a standardization of the technique 
is also lacking, in particular with regard to the type of US approach (TAUS or 
TRUS) and probe (biplanar or endfire) that should be used. In clinical practice, IPP 
may be used in combination with other US findings, such as BWT-DWT and PRV, 
and clinical-laboratory data for a noninvasive evaluation of men with LUTS. 


14.3.2.3 PUA 

Prostatic urethral angle (PUA) represents the angle formed by two rays of the proxi- 
mal and distal prostatic urethra at veru montanum, in the midsagittal plane on TRUS 
evaluation. Values range from 0 to 90° (Fig. ). An increase of the PUA >35° 
has been observed in men with BPE, showing a good correlation with Q,,,, and IPSS 
[49]. No standardization criteria for the correct level of bladder filling or the type of 
transducer that should be used have been defined yet. 
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Fig. 14.14 TRUS performed with a linear array probe in the midsagittal plane: Determination of 
the prostatic urethral angle (PUA). PUA is the angle formed by two rays of the proximal and distal 
prostatic urethra at veru montanum 


References 


1. Malde S, Nambiar AK, Umbach R, et al. Systematic review of the performance of noninvasive 
tests in diagnosing bladder outlet obstruction in men with lower urinary tract symptoms. Eur 
Urol. 2017;71:391-402. 

2. Tubaro A, Nambiar AK. Grey zone: urinary incontinence. Eur Urol Focus. 2016;2:337-8. 

3. 6th International Consultation on Incontinence book. 2017. 


4. EAU guidelines on urinary incontinence. 2020. 
5. EAU guidelines on management of non-neurogenic male LUTS. 2020. 


6. Shin UJ, Koh J, Song J, et al. Sonographic evaluation of bladder wall thickness in women with 
lower urinary tract dysfunction. Obstet Gynecol Sci. 2018;61:367-73. 

7. Surgical Treatment of Female Stress Urinary Incontinence (SUI): AUA/SUFU guideline. 
2017. 

8. DeLancey JO. The hidden epidemic of pelvic floor dysfunction: achievable goals for improved 
prevention and treatment. Am J Obstet Gynecol. 2005;192:1488-95. 

9. Dietz HP. Ultrasound imaging of the pelvic floor part I: two-dimensional aspects. Ultrasound 
Obstet Gynecol. 2004;23:80-92. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


Imaging in Bladder Dysfunctions 181 


. Dietz HP. Pelvic floor ultrasound: a review. Clin Obstet Gynecol. 2017;60:58-81. 
. Vangoitsenhoven M, Vandenbroucke V, Van Den Bosch T. Routine gynecological ultrasound: 


look at the bladder and the ureters! Facts Views Vis Obgyn. 2020;11:347-51. 


. Rademakers KL, van Koeveringe GA, Oelke M. Ultrasound detrusor wall thickness measure- 


ment in combination with bladder capacity can safely detect detrusor underactivity in adult 
men. World J Urol. 2017;35:153-9. 


. Khullar V, Salvatore S, Cardozo L, et al. A novel technique for measuring bladder wall thick- 


ness in women using transvaginal ultrasound. Ultrasound Obstet Gynecol. 1994;4:220-3. 


. Lekskulchai O, Dietz HP. Detrusor wall thickness as a test for detrusor overactivity in women. 


Ultrasound Obstet Gynecol. 2008;32:535-9. 


. Oelke M, Khullar V, Wijkstra H. Review on ultrasound measurement of bladder or detrusor 


wall thickness in women: techniques, diagnostic utility, and use in clinical trials. World J Urol. 
2013;31:1093-104. 

Oelke M, Höfner K, Jonas U, et al. Ultrasound measurement of detrusor wall thickness in 
healthy adults. Neurourol Urodyn. 2006;25:308-18. 

Bright E, Oelke M, Tubaro A, et al. Ultrasound estimated bladder weight and measurement of 
bladder wall thickness—useful noninvasive methods for assessing the lower urinary tract? J 
Urol. 2010;184:1847-54. 

Latthe PM, Champaneria R, Khan KS. Systematic review of the accuracy of ultrasound as 
the method of measuring bladder wall thickness in the diagnosis of detrusor overactivity. Int 
Urogynecol J. 2010;21:1019-24. 

Antunes-Lopes T, Cruz CD, Cruz F, et al. Biomarkers in lower urinary tract symptoms/overac- 
tive bladder: a critical overview. Curr Opin Urol. 2014;24:352-7. 

Serati M, Salvatore S, Cattoni E, et al. Ultrasound measurement of bladder wall thickness in 
different forms of detrusor overactivity. Int Urogynecol J. 2010;21:1405-11. 

Latthe P, Middleton L, Rachaneni S, et al. Ultrasound bladder wall thickness and detrusor 
overactivity: a multicentre test accuracy study. BJOG. 2017;124:1422-9. 

Wieczorek AP, Wozniak MM, Stankiewicz A, et al. 3-D high-frequency endovaginal ultra- 
sound of female urethral complex and assessment of inter-observer reliability. Eur J Radiol. 
2012;81:7-12. 

Lone F, Sultan AH, Stankiewicz A, et al. Interobserver agreement of multicompartment ultra- 
sound in the assessment of pelvic floor anatomy. Br J Radiol. 2016;89:20150704. 

Gao Y, Zhao Z, Yang Y, et al. Diagnostic value of pelvic floor ultrasonography for diagnosis of 
pelvic organ prolapse: a systematic review. Int Urogynecol J. 2020;31:15-33. 

Chamié LP, Ribeiro DMFR, Caiado AHM, et al. Translabial US and dynamic MR imaging of 
the pelvic floor: normal anatomy and dysfunction. Radiographics. 2018;38:287-308. 

Dietz HP. Ultrasound imaging of the pelvic floor. Part II: three-dimensional or volume imag- 
ing. Ultrasound Obstet Gynecol. 2004;23:615—25. 

Chapple C, Abrams P. Male lower urinary tract symptoms (LUTS): an international consulta- 
tion on male LUTS. Fukuoka, Japan; 2013. p. 5—6. 

Abrams P. In support of pressure-flow studies for evaluating men with lower urinary tract 
symptoms. Urology. 1994;44:153-5. 

Abrams P, Cardozo L, Fall M, et al. The standardisation of terminology of lower urinary 
tract function: report from the standardisation sub-committee of the International Continence 
Society. Neurourol Urodyn. 2002;21:167-78. 

Chapple CR, Wein AJ, Abrams P, et al. Lower urinary tract symptoms revisited: a broader 
clinical perspective. Eur Urol. 2008;54:563-9. 

Oh MM, Choi H, Park MG, et al. Is there a correlation between the presence of idiopathic 
detrusor overactivity and the degree of bladder outlet obstruction? Urology. 2011;77:167—70. 
Thomas AW, Cannon A, Bartlett E, et al. The natural history of lower urinary tract dysfunction 
in men: the influence of detrusor underactivity on the outcome after transurethral resection of 
the prostate with a minimum 10-year urodynamic follow-up. BJU Int. 2004;93:745—S0. 


182 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


Al-Hayek S, Thomas A, Abrams P. Natural history of detrusor contractility—minimum ten- 
year urodynamic follow-up in men with bladder outlet obstruction and those with detrusor. 
Scand J Urol Nephrol Suppl. 2004;(215):101-8. 

Thorpe A, Neal D. Benign prostatic hyperplasia. Lancet. 2003;36:1359-67. 

Asimakopoulos AD, De Nunzio C, Kocjancic E, et al. Measurement of post-void residual 
urine. Neurourol Urodyn. 2016;35:55—7. 

AUA guidelines on benign prostatic hyperplasia: surgical management of benign prostatic 
hyperplasia/lower urinary tract symptoms (2018, amended 2019, 2020). https://www.auanet. 
org/guidelines/benign-prostatic-hyperplasia-(bph)-guideline. 

Sullivan MP, Yalla SV. Detrusor contractility and compliance characteristics in adult male 
patients with obstructive and nonobstructive voiding dysfunction. J Urol. 1996;155:1995—2000. 
Oelke M, Höfner K, Jonas U, et al. Diagnostic accuracy of noninvasive tests to evaluate blad- 
der outlet obstruction in men: detrusor wall thickness, uroflowmetry, postvoid residual urine, 
and prostate volume. Eur Urol. 2007;52:827-34. 

Mochtar CA, Kiemeney LA, van Riemsdijk MM, et al. Post-void residual urine volume is not 
a good predictor of the need for invasive therapy among patients with benign prostatic hyper- 
plasia. J Urol. 2006;175:213-6. 

Jacobsen SJ, Jacobson DJ, Girman CJ, et al. Treatment for benign prostatic hyperplasia among 
community dwelling men: the Olmsted County study of urinary symptoms and health status. J 
Urol. 1999;162:1301-6. 

Roehrborn CG. Alfuzosin 10 mg once daily prevents overall clinical progression of benign 
prostatic hyperplasia but not acute urinary retention: results of a 2-year placebo-controlled 
study. BJU Int. 2006;97:734-41. 

Foster HE, Dahm P, Kohler TS, et al. Surgical management of lower urinary tract symp- 
toms attributed to benign prostatic hyperplasia: AUA guideline amendment 2019. J Urol. 
2019;202:592-8. 

Fusco F, Creta M, De Nunzio C, et al. Progressive bladder remodeling due to bladder outlet 
obstruction: a systematic review of morphological and molecular evidences in humans. BMC 
Urol. 2018;18:15. 

De Nunzio C, Presicce F, Lombardo R, et al. Detrusor overactivity increases bladder wall 
thickness in male patients: a urodynamic multicenter cohort study. Neurourol Urodyn. 
2017;36:1616—21. 

Bosch R, Abrams P, Averbeck MA, et al. Do functional changes occur in the bladder due to 
bladder outlet obstruction?—ICI-RS. Neurourol Urodyn. 2018;38:56-65. 

Presicce F, DE Nunzio C, Gacci M, et al. Non-invasive ultrasound measurements in male 
patients with LUTS and benign prostatic obstruction: implication for diagnosis and treatment. 
Minerva Urol Nefrol. 2017;69:220-33. 

Garg G, Sankhwar SN, Goel A, et al. Evaluation of resistive index of the prostate and blad- 
der sonomorphologic parameters as replacements for urodynamics to predict bladder outlet 
obstruction in patients with lower urinary tract symptoms suggestive of benign prostatic hyper- 
plasia. Low Urin Tract Symptoms. 2019;11:163-8. 

Blatt AH, Titus J, Chan L. Ultrasound measurement of bladder wall thickness in the assess- 
ment of voiding dysfunction. J Urol. 2008;179:2275-9. 

Mangat R, Ho HSS, Kuo TLC. Non-invasive evaluation of lower urinary tract symptoms 
(LUTS) in men. Asian J Urol. 2018;5:42-7. 

Stravodimos KG, Petrolekas A, Kapetanakis T, et al. TRUS versus transabdominal ultrasound 
as a predictor of enucleated adenoma weight in patients with BPH: a tool for standard preop- 
erative work-up? Int Urol Nephrol. 2009;41:767-71. 

Watanabe H. New concept of BPH: PCAR theory. Prostate. 1998;37:116-25. 

Kojima M, Ochiai A, Naya Y, et al. Correlation of presumed circle area ratio with infravesical 
obstruction in men with lower urinary tract symptoms. Urology. 1997;50:548-—55. 

Abdi H, Kazzazi A, Bazargani ST, et al. Imaging in benign prostatic hyperplasia: what is new? 
Curr Opin Urol. 2013;23:1 1-6. 


14 Imaging in Bladder Dysfunctions 183 


54. Keqin Z, Zhishun X, Jing Z, et al. Clinical significance of intravesical prostatic protrusion in 
patients with benign prostatic enlargement. Urology. 2007;70:1096-9. 

55. Yuen JS, Ngiap JT, Cheng CW, et al. Effects of bladder volume on transabdominal ultrasound 
measurements of intravesical prostatic protrusion and volume. Int J Urol. 2002;9:225-9. 

56. Rieken M, Presicce F, Autorino R, et al. Clinical significance of intravesical prostatic pro- 
trusion in the management of benign prostatic enlargement: a systematic review and critical 
analysis of current evidence. Minerva Urol Nefrol. 2017;69:548—55. 


® 


Check for 
updates 


Female Sexuality in Pelvic Floor 1 5 
Disorders 


Gabriela E. Halder, Amanda B. White, 
and Rebecca G. Rogers 


15.1 Introduction and Epidemiology 


A complex interaction of psychological, interpersonal, social, cultural, and physio- 
logical processes influences female sexual activity and function. Dysfunction in any 
aspect of these domains may affect sexual function among those who are sexually 
active. Rates of sexual activity among women with pelvic floor disorders decreases 
with increasing age, similar to women without PFDs [1, 2]. Women with pelvic 
organ prolapse (POP) with or without urinary incontinence (UI) report less frequent 
sexual activity [1]. Others report that rate of sexual activity does not differ between 
women with and without pelvic floor disorders when controlled for age (61.6 vs. 
75.5%, p = 0.09) [3]. 

The prevalence of female sexual dysfunction reported in the general population 
varies widely between 20-70%. Estimates vary due to inconsistent methodology 
from epidemiologic studies [4]. The prevalence of sexual dysfunction among 
women with pelvic floor disorders is thought to be higher than that of the general 
population. Of women attending a urogynecology or female urology clinic, 60-65% 
report sexual dysfunction [5, 6]. Women with pelvic floor disorders report similar 
problems with sexual function as the general population. In both groups, desire is 
the most common domain of sexual dysfunction. In a review of 11 prevalence stud- 
ies on female sexual dysfunction, 64% (range 16-75%) of women reported diffi- 
culty with desire [4]. Among women attending a urogynecology clinic, 14% 
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reported low desire as a reason for sexual inactivity. In the same study, the lowest 
scores, indicating poorer function on a validated measure of sexual function, were 
in the desire domain [5]. The exact contributions of pelvic floor disorders in sexual 
dysfunction is poorly described. Among women with a partner, higher scores on the 
Pelvic Floor Distress Inventory (PFDI), (indicating worse pelvic floor function) 
were positively associated with poorer sexual function including decreased arousal, 
infrequent orgasm, and increased dyspareunia [7, 8]. Sexual complaints experi- 
enced by women with varying pelvic floor states are listed in Table 15.1. 


Table 15.1 Common sexual complaints in women with pelvic floor dysfunction 


“Pelvic floor state 


Sexual complaints 


Prolapse 


— Vaginal wind (flatus): passage of air from vagina (usually accompanied 
by sound) 

— Vaginal laxity: feeling of vaginal looseness 

— Obstructed intercourse: vaginal intercourse is difficult or not possible 
due to obstruction by genital prolapse or shortened vagina or 
pathological conditions such as lichen planus or lichen sclerosis 


Lower urinary 
tract symptoms 


— Coital urinary incontinence: urinary incontinence occurring during or 
after vaginal intercourse 

— Orgasmic urinary incontinence: urinary incontinence at orgasm 

— Penetration urinary incontinence: urinary incontinence at penetration 

— Coital urinary urgency: feeling of urgency to void during vaginal 
intercourse 

— Post coital lower urinary tract symptoms: such as worsened urinary 
frequency or urgency, dysuria, suprapubic tenderness 


Pain 


Postoperative 


— Dyspareunia: complaint of persistent or recurrent pain or discomfort 
associated with attempted or complete vaginal penetration 

— Superficial (introital) dyspareunia: complaint of pain or discomfort on 
vaginal entry or at the vaginal introitus 

— Deep dyspareunia: complaint of pain or discomfort on deeper 
penetration (mid or upper vagina) 

— Vaginismus: recurrent or persistent spasm of vaginal musculature that 
interferes with vaginal penetration 

— Dyspareunia with penile vaginal movement: pain that is caused by and 
is dependent on penile movement 

— Vaginal dryness: complaint of reduced vaginal lubrication or lack of 
adequate moisture in the vagina 

— Post coital pain: pain after intercourse such as vaginal burning sensation 
or pelvic pain 

— Vulvodynia: vulvar pain of at least 3 months’ duration, without clear 
identifiable cause, which may have potential associated factors 


— De novo sexual dysfunction symptoms: new onset sexual dysfunction 
symptoms (not previously reported before surgery) 

— De novo dyspareunia: dyspareunia first reported after surgery or other 
interventions 

— Shortened vagina: perception of a short vagina expressed by the woman 
or her partner 

— Tight vagina: 
e Introital narrowing: vagina entry is difficult or impossible 
e Vaginal narrowing: decreased vaginal caliber 


Ref. [8] 
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Sexual dysfunction is influenced by age. While sexual problems are more preva- 
lent among elderly women, they report less distress by these sexual difficulties. The 
Female Sexual Distress Scale was completed by 31,581 women in a study of US 
adult females. In this survey, sexual problems were reported among 80.1% of elderly 
women (>65 years old), but sexually related personal distress was only present in 
12.6%. Similar findings have been reported in the urogynecology literature. Among 
women attending a urology clinic, sexual desire was decreased in 77% of women 
age 55-70 years, and in 96% of women aged >70 years [6]. Among women with 
pelvic floor disorders attending a general practice clinic, increasing age was a 
predictor of sexual inactivity, but not of poorer sexual functioning among those 
sexually active [9]. 

Despite the high prevalence of sexual dysfunction, only a small proportion of 
women in the general population obtain evaluation and treatment. In a web-based 
survey of 3,807 women, 40% with sexual complaints did not seek help from their 
doctor, although 54% of those women stated that they would welcome help. Reasons 
women did not seek help were embarrassment (22%), believing that the physician 
would not be able to help (17%), and never having the thought of seeking medical 
help (12%) [10]. In a survey of 471 physicians including urogynecologists, urolo- 
gists, and gynecologists only 22% reported always screening for sexual dysfunc- 
tion, 55% screened most of the time, and 23% never or rarely screened. Only 13% 
of providers used questionnaires to screen for female sexual disorders. The most 
significant barrier to asking about sexual dysfunction was lack of time [11]. Despite 
the high prevalence and impact of sexual dysfunction among women with pelvic 
floor disorders, large barriers in the diagnosis of these disorders exist. 


15.2 Diagnosis 


The diagnosis of sexual dysfunction varies by system. The World Health Organization 
International Classifications of Diseases-11 (ICD-11) defines sexual dysfunction as 
syndromes “that comprise the various ways in which adult people may have diffi- 
culty experiencing personally satisfying, noncoercive sexual activities [12].” In 
addition, they state the dysfunction must occur frequently (but may be absent on 
some occasions), be present for at least several months, and associated with clini- 
cally significant personal distress. Specific diagnoses codes included in the broad 
category of sexual dysfunction are listed in Table 15.2. 

The Diagnostic and Statistical Manual of Mental Disorders 5 (DSM-S) classifies 
sexual dysfunction as “a heterogenous group of disorders that are typically charac- 
terized by a clinically significant disturbance in a person’s ability to respond sexu- 
ally or to experience sexual pleasure [13].” Included under this umbrella term is 
female orgasmic disorder, female sexual interest/arousal disorder, genito-pelvic 
pain/penetration disorder, substance/medication induced sexual dysfunction, other 
specified sexual dysfunction, and unspecified sexual dysfunction, as well as a con- 
stellation of male-specific sexual dysfunction disorders. The DSM-S5 designates 
subtypes regarding whether or not the onset is lifelong versus acquired (depending 
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Table 15.2 World Health Organization ICD-11 diagnosis codes for sexual dysfunction 


Sexual dysfunction ICD-11 code 
Hypoactive sexual desire dysfunction HAOO 
Sexual arousal dysfunctions HA01 

l Orgasmic dysfunctions HA02 
Other specified sexual dysfunctions HAOY 
Sexual dysfunctions, unspecified HAOZ 
Sexual pain disorders HA2 
Etiological considerations in sexual dysfunctions and sexual pain HA40 
disorders 
Dyspareunia GA12 
Sexual dysfunction associated with pelvic organ prolapse GC42 


if disorder was present since first sexual experience or if it developed after a period 
of normal sexual functioning) and generalized versus situational (depending if the 
dysfunction is limited to all or just certain types of simulation, situations, or part- 
ners). The DSM-5 also states the diagnosis of sexual dysfunction should not be 
made if sexual difficulties are due to inadequate sexual stimulation, cultural factors 
that influence expectations of sexual pleasure, or if the sexual dysfunction is 
explained by a nonsexual disorder. Examples of nonsexual disorders include non- 
sexual mental disorders, drugs and medications, medical conditions, relationship 
distress (including partner violence), or other stressors can all effect sexual func- 
tion. In this case, the patient should only be diagnosed with the nonsexual disorder, 
not sexual dysfunction. 


15.3 Screening Questionnaires 


Sexual function questionnaires should detect and evaluate sexual dysfunction in a 
manner that is discrete, non-biased, and reproducible. They objectively measure the 
severity of sexual dysfunction and treatment impact. Some questionnaires have 
domains, or subsections, that focus on a particular aspect of quality of life or symp- 
toms related to sexual dysfunction. Questionnaires that have been evaluated for 
their psychometric properties (including validity, reliability, responsiveness, or abil- 
ity to measure changes in a clinical setting) are termed validated questionnaires. The 
International Continence Society (ICS) has rated pelvic floor dysfunction question- 
naires, including those on sexual function, based on their validity, reliability, and 
responsiveness [14]. Questionnaires with an ‘A’ rating are highly recommended and 
have validity, reliability, and responsiveness established through published studies 
performing standard psychometric testing. Questionnaires with a ‘B’ rating are rec- 
ommended and have published data on psychometric testing performed on two of 
the main aspects (usually validity and reliability). Questionnaires with a ‘C’ rating 
have “potential” and have published data on psychometric testing performed on 
validity or reliability or responsiveness. The ICS gives each questionnaire a separate 
rating for its use in prolapse and lower urinary tract symptoms. 
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A list of commonly used sexual function questionnaires and their ICS rating are 
shown in Table 15.3. The Pelvic Organ Prolapse/Urinary Incontinence Sexual 
Questionnaire (PISQ) [15] is the only condition-specific validated questionnaire 
developed to assess sexual function specifically in women with POP and/or incon- 
tinence. The questionnaire is self-administered. Its use has been both in the assess- 
ment of sexual function and in the evaluation of change in sexual function following 
the medical and surgical treatment of pelvic floor disorders [16]. The PISQ-12 [17] 
is a short from of the PISQ that was developed to decrease survey burden on the 
patient. It has similar psychometric properties as the long form. The Pelvic Organ 
Prolapse/Urinary Incontinence Sexual Questionnaire [UGA-Revised (PISQ-IR) 
[18] is a validated and self-administered questionnaire developed to evaluate the 
impact of POP and incontinence on sexual function in both sexually active and inac- 
tive patients. The Golomok-Rust Inventory of Sexual Satisfaction (GRISS) [19] is a 
validated and reliable self-administered questionnaire that assesses the existence 
and severity of sexual problems in male and female partners individually and as a 
couple. The Female Sexual Function Index (FSFI) [20] was developed to evaluate 
sexual function in the general population. It has also been used to determine the 
sexual function in women with pelvic floor disorders presenting for urogynecologi- 
cal care before and after surgery [16]. 


15.4 Screening for Sexual Activity and Function in Women 
with PFDs 


The workup of sexual dysfunction in women with pelvic floor disorders should 
begin with questioning from their provider. Although many women experience sex- 
ual dysfunction, they are not likely to initiate a dialogue on the topic until their 
physician initiates the conversation. Some of the components that are important in 
the evaluation of sexual dysfunction are listed in Table 15.4. Questionnaires are 
helpful in screening for sexual dysfunction and can assess severity as well as 
changes after interventions. In patients whom identify sexual dysfunction, the spe- 
cific impact the pelvic floor disorder has on sexual dysfunction should be investi- 
gated. For example, patients with POP may complain of obstructed intercourse or 
vaginal laxity. 

A thorough medical evaluation should be performed including current and past 
medical disorders, sexual history, and medications [21, 22]. Neurologic, vascular, 
and psychiatric disorders can significantly impact sexual function. Like the general 
population, rates of sexual activity and function vary widely. Sexual practices and 
behaviors should be reviewed. A thorough evaluation of medications used should be 
performed with a special attention to antihypertensives, neuroleptics, and antiandro- 
gens, as they can impact sexual function. The physical exam should evaluate the 
vulva, vagina, and perineum and include an assessment of neurologic integrity. A 
thorough exam of the pelvic floor muscles should also be performed. Laboratory 
examination is not always necessary but basic blood counts and serum chemistry 
may reveal an underlying medical condition causing the sexual dysfunction. 
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Table 15.4 Evaluation of sexual dysfunction in women with pelvic floor disorders 


Sexual function questionnaires — PISQ 

— PISQ-12 

— PISQ-IR 

— GRISS 

— FSFI 
Screening for medical disorders 
Psychiatric disorders — Depression 


— Post-traumatic stress disorder 


Neurologic disorders 


— Peripheral nervous system 
— Central nervous system 
— Spinal cord injury 


Vascular disorders 


— Chronic hypertension 

— Diabetes 

— Peripheral vascular disease 
— Hypercholestermia 

— Renal failure 


Cancer Cervical, bladder, rectal 
— Chemotherapy 
— Radiation 

Sexual history — Sexual behavior 


— Safe sex practices 
— Presence of sexual abuse 


Screening for medications 


Anti-hypertensive agents 


— Alpha blockers 

— Beta blockers 

— Calcium channel blockers 
— Antidiuretics 


Neuroleptics 


— Fluoxetine 
— Citalopram 
— Paroxetine 
— Venlafaxine 
— Risperidone 
— Clozapine 


Physical exam evaluation 


Vulva, vagina, and perineum 


— Atrophy 

— Agglutination 
— Vulvar gapping 
— Infections 

— Scar tissue 

— Neoplasms 


Neurological function 


— Sensory testing 
— Reflex testing: bulbocavernosus reflex, external anal 
reflex 


Urinary incontinence 


— Cough stress test 
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Table 15.4 (continued) 


Pelvic floor muscles — Muscle tone: determined by resistance of the tissue 
against stretching or passive movement 

— Muscle activity: ability to contract and relax muscles 

— Strength: Force-generating capacity of a muscle 

— Endurance: The ability to sustain near maximal or 
maximal force 

— Tenderness 


Laboratory evaluation 

Laboratory — Serum chemistry 

— Complete blood count 

— Lipid profiles 

— Estradiol 

— FSH 

— Serum testosterone, free testosterone, 
dihydrotestosterone 

— Dehydroepian-drosterone acetate sulfate (DHEAS) 

— Prolactin 

— Thyroid function 

— Vaginal pH 


Refs. [8, 21, 22] 


Hormonal assessment is only indicated if abnormalities are anticipated such as pre- 
mature ovarian failure or hypothyroidism. A recent joint International Continence 
Society/International Urogynecologic Association terminology report recommends 
that sexual activity and function be measured both pre- and post-intervention for 
pelvic floor disorders as both sexual activity status and function can be affected by 
treatment interventions [8]. 


15.5 Sexual Function in Specific Pelvic Floor Disorders 
15.5.1 Pelvic Organ Prolapse 


The relationship between POP and sexual dysfunction has not been clearly defined. 
Global sexual function scores based on a nonvalidated measure between women 
with POP (with or without UT) and continent women without POP were not differ- 
ent (0.58 + 0.15 vs 0.55 + 0.14, p = 0.06) [23]. After multivariate analysis, increas- 
ing age was the only significant factor predictive of worsened sexual function. The 
number of sexually active women in both groups was similar, 56% for women with 
prolapse and 57% for those without. Increasing grade of prolapse was predictive of 
interference with sexual activity but did not affect the frequency or satisfaction of 
intercourse. These findings were reproduced by another study which also found 
rates of sexual activity and function were not different between 308 women with 
and 296 women without pelvic floor disorders when controlled for age (p = 0.09). 


194 G. E. Halder et al. 


This cohort included women with anal incontinence, UI, and POP [3]. The 
Maryland’s Women’s Health Study (n = 1299) evaluated sexual function among 495 
women with POP and/or UI. Women with pelvic floor disorders were less likely to 
be sexually active and if sexually active, more likely to report sexual complaints 
than women without pelvic floor disorders (53.3% vs 40.4%, p < 0.01) [24]. Among 
343 community-dwelling women older than 45 years, patients with prolapse were 
more likely to report that their pelvic floor disorder affected their ability to have 
sexual relations as compared to those with UI (33% vs 10%) (p = 0.02) [25]. 


15.6 Nonsurgical Treatment of Pelvic Organ Prolapse 
15.6.1 Pessaries 


The impact of pessaries on sexual function in women is largely unknown. In a sec- 
ondary analysis from a randomized control trial (RCT) of 127 new pessary users, 
sexual function was assessed using the PISQ-IR at baseline and 3 months after use, 
and pessary management with regard to sexual activity was evaluated [26]. At 
3 months, the only significant change in sexual function for both sexually active 
(p = 0.04) and inactive (p = 0.02) women was in the domain related to their sexual 
partner. No significant differences in global quality rating scores before and after 
placement of a pessary were observed in both sexually active (3.1 + 0.6 vs 3.1 + 0.5, 
p = 0.68) and inactive patients (3.2 + 1.2 vs 3.2 + 1.3, p = 0.67). Seventy percent of 
sexually active women removed their pessary for sex. Of these, 53% stated their 
partner preferred removal for sex. In a smaller study of 31 women with symptom- 
atic POP, pessaries significantly improved desire, lubrication, and sexual satisfac- 
tion after 3 months of use, while orgasm remained unchanged [27]. 


15.7 Surgical Treatment of Pelvic Organ Prolapse 


The contributions of specific vaginal compartment defects and their repairs on sex- 
ual function is difficult to determine because women often do not have isolated sites 
of prolapse and undergo multiple simultaneous repairs of various compartments. In 
addition, the majority of the literature does not include accurate measures of pre- 
and postoperative rates of sexual activity and function including rates of de novo 
dyspareunia. Comparison of sexual function between native tissue and mesh aug- 
mented repairs comprise the majority of the literature of sexual function in women 
following POP surgery. 


15.7.1 Anterior and Posterior Repairs 


A systematic review and meta-analysis evaluated the impact of native tissue repair 
for POP on sexual function [28]. Fourteen articles met inclusion and exclusion 
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criteria including assessment of sexual function and/or dyspareunia before and after 
surgery. Most surgeries included in the meta-analysis were anterior and posterior 
repairs. Sexual function significantly improved after POP native tissue repair with a 
standardized mean difference (SMD) of —0.55 (95% confidence interval (CI) —0.68 
to —0.43) in favor of surgical correction. Postoperative dyspareunia improved in 
47% and deteriorated in 18% of women. 

Vaginal posterior compartment native tissue repairs and sexual function have 
been evaluated in well-designed studies, however few included evaluations both 
before and after surgery. Sexual function was compared between women who did 
and did not undergo a native tissue posterior repair in a secondary analysis of 73 
patients from a RCT [29]. Women underwent a variety of prolapse repairs with or 
without vaginal or abdominal hysterectomy including native tissue anterior repair 
and/or apical repairs. Three-to-six months after surgery there was an improvement 
between preoperative (posterior repair: 88.5 + 12.7, no posterior repair: 89.6 + 12.2, 
p = 0.72) and postoperative PISQ scores (posterior repair: 93.5 + 11.9, no posterior 
repair: 95.8 + 11.9, p = 0.41) without a difference between groups. While dyspareu- 
nia improved in women who did and did not undergo posterior repair, women who 
underwent posterior repair improved less than women who did not undergo poste- 
rior repair. The percent of women with postoperative dyspareunia was significantly 
higher in patients that did (57%) versus did not (28%) undergo posterior repair 
(p = 0.02). 

A similar study evaluated sexual function after native tissue repair of the poste- 
rior compartment in a prospective cohort of 151 women [30]. Women underwent 
concomitant native tissue anterior and/or apical repair with or without hysterec- 
tomy. Twelve months after surgery, women reported improved PISQ-12 scores 
(30.12 + 7.12 vs 37.98 + 5.98, p < 0.001). Postoperatively, more women reported 
sexually activity (56 vs 86%, p = 0.025) and 3.1% reported dyspareunia. 

Mesh augmented repairs of the anterior and posterior compartment do not 
improve sexual function more that native tissue repairs as supported by several 
RCTs [31, 32] and a large systematic review on mesh use in transvaginal repair by 
the Society of Gynecologic Surgeons Systematic Review Group [33]. Mesh aug- 
mented repairs may deteriorate the sexual experience more than native tissue 
repairs. 

A RCT evaluated sexual function after primary repair of the anterior compart- 
ment with or without nonabsorbable synthetic mesh among 125 women [31]. 
Patients also underwent a native tissue posterior repair and/or sacrospinous liga- 
ment fixation at the discretion of the surgeon. Six months after surgery, no differ- 
ences in mean FSFI change scores were observed between women who underwent 
mesh augmented repair and native tissue repair (1.84 + 10.17 vs 4.51 + 10.45, 
p = 0.26). The native tissue repair group did report improvement in the domains of 
lubrication, satisfaction, and overall satisfaction (all p < 0.05). No changes in FSFI 
domains were found in the mesh augmented group (all p > 0.05). The anterior native 
tissue repair group also had fewer women reporting worse sexual function after 
surgery (18% in the native tissue repair group and 43% in the mesh group (p = 0.05). 
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A secondary analysis of a RCT compared anatomic outcomes between native 
tissue repair and nonabsorbable synthetic mesh for 60 women with recurrent POP 
[32]. The results were not limited to any specific compartment. Patients underwent 
a variety of concomitant prolapse repairs including posterior repair (native or mesh 
augmented), perineoplasty, apical native tissue repairs with or without vaginal hys- 
terectomy. PISQ-12 scores were compared between the two groups. Twelve months 
after surgery, PISQ-12 scores between women who underwent a native tissue repair 
versus a mesh augmented repair were not different (34.7 + 5.7 vs 34.3 + 6.7, 
p=0.49). 


15.7.2 Apical Repairs 


Until recently, the impact of uterosacral ligaments suspension (USLS) or sacrospi- 
nous ligament fixation (SSLF) on sexual function was poorly described. Older stud- 
ies focused on post-surgical rates of dyspareunia and sexual activity as a proxy of 
sexual function. The reported rates of postoperative dyspareunia following SSLF 
range between 0 and 13% [34-36]. The cause of postoperative dyspareunia is 
unclear and was initially thought to be related to deviation of the vaginal access, but 
many now believe that postoperative dyspareunia in SSLF results from over- 
narrowing of the vaginal introitus during a concomitantly performed posterior repair 
or perineorrhaphy [35, 37]. 

Sexual function was evaluated in a planned secondary analysis of a RCT designed 
to compare outcomes between USLS and SSLF. A total of 374 women with pro- 
lapse and SUI were enrolled. All women underwent sling placement at the time of 
surgery [36]. At 2-years follow-up, both groups reported improvements in PISQ-12 
scores without differences between groups (p = 0.65), 27% of women who were not 
sexually active before surgery became sexually active and 17% of patients became 
sexually inactive. Surgical groups did not differ in with respect to overall rates of 
sexual activity (p = 0.16) or new onset activity (p = 0.19). For all patients, the de 
novo dyspareunia rate was 10%, and there were no differences in de novo dyspareu- 
nia between the two surgeries (p = 0.63). 

Sexual function improves after sacrocolpopexy. Most data regarding postopera- 
tive outcomes after sacrocolpopexy come from the Colpopexy and Urinary 
Reduction Efforts (CARE) trial, a RCT of Burch colposuspension versus no Burch 
at the time of sacrocolpopexy. A secondary analysis of the trial evaluated sexual 
function in 224 women | year after sacrocolpopexy. Postoperatively, more women 
were sexually active (66.1 vs 73.6%) (p < 0.01). Among sexually active women, 
postoperative mean PISQ-12 scores did not differ between women who did and did 
not have a Burch colposuspension (37.2 + 5.4 versus 37.4 + 5.1, p = 0.82). Studies 
comparing sexual function between robotic and laparoscopic sacrocolpopexy have 
found no differences in postoperative improvement in sexual function [38]. 

Improvement in sexual function does not differ between vaginal and abdominal 
approaches to apical repair. Sexual function was compared between women who 
underwent abdominal vs transvaginal repairs in a retrospective review of 204 
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women [39]. The abdominal repair group included open and robotic sacrocolpo- 
pexy with synthetic nonabsorbable mesh. The transvaginal repair group included 
repairs in the anterior, posterior, and apical compartment with or without nonab- 
sorbable synthetic mesh. At | year, both groups reported an improvement between 
pre- and postoperative PISQ-12 scores (abdominal: 32 + 5.9 vs 37 + 6.9, vaginal: 
32 + 6.6 vs 37 + 4.0, all p < 0.01) and there was no difference in postoperative PISQ 
scores between the two surgeries (37 + 6.9 vs 37 + 4.0) (p < 0.01). A similar study 
found no significant differences in change of mean PISQ scores between vaginal 
versus abdominal repairs 6 months after surgery (6.4 + 9.2 vs 6.1 + 14.8 change 
scores, p = 0.92) [40]. 

Recently, more attention has been placed on sexual function outcomes following 
hysteropexy. Sexual function was compared between sacrospinous hysteropexy and 
vaginal hysterectomy with USLS in a secondary analysis of 103 women in a RCT 
[41]. Sexual function was assessed by PISQ-12 scores at baseline and 24-month 
follow-up. Significant improvement in PISQ-12 scores were seen for both patients 
undergoing sacrospinous hysteropexy (33.7 + 5.5 vs 36.8 + 4.6, p < 0.01) and vagi- 
nal hysterectomy with USLS (34.7 + 5 vs 37.5 + 3.3, p < 0.01). Between the two 
groups, no differences were observed in PISQ-12 scores at baseline (33.7 + 5.5 vs 
34.7 + 5, p = 0.35) or after 24 months (36.8 + 4.6 vs 37.5 + 3.3, p = 0.37). 

The Study of Uterine Prolapse Procedures Randomized (SUPeR) Trial compared 
sexual function between vaginal hysterectomy with USLS versus transvaginal mesh 
hysteropexy [42]. A total of 183 women were randomized to either arm. In both 
arms, the PISQ-IR improved by and adjusted mean of 0.3 points (95% CI, 0.1—-0.5) 
(p = 0.84). 

Sexual function between colposacropexy and hysterocolposacropexy was com- 
pared in a RCT of 107 women [43]. Overall median FSFI scores improved for both 
hysterocolposacropexy (19.1 [range 1.5—33.7], post-op: 24.3 [range 2.0-34.8], 
p = 0.006) and hysterectomy with colposacropexy (19.4 [range 1.5—33.2 vs 22.4 
[range 10.1—30.0], p = 0.01). Differences in median pre- and postoperative FSFI 
scores did not differ between groups. Both groups experienced postoperative 
improvement in the domains of orgasm, arousal, and desire. These results were 
reproduced in a small study of 37 women [44]. 


15.8 Urinary Incontinence 


Women with UI report more sexual dysfunction than their continent controls. [45]. 
An estimated 46% of patients with UI will report sexual dysfunction [46]. UI may 
adversely affect all facets of women’s sexual experience. Mean PISQ-12 scores 
among sexually active women have been associated with incontinence severity; 
higher UDI and MESA scores are associated with worse PISQ-12 scores [47]. 
Despite no change in sexual drive, women with UI reported poorer quality of life, 
poorer marital relationships, and less sexual satisfaction [48]. Women with UI often 
report unhappiness, frustration, worry, anger, guilt, and inadequacy with their sex- 
ual encounters [49]. Sexual dysfunctions among women with UI include low libido, 
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vaginal dryness, and dyspareunia [24]. The most common sexual disorder in women 
with UI is hypoactive sexual desire [46]. 

Many studies have documented more sexual dysfunction in women with SUI 
[45, 50] than UUI. However, other studies have found that women with UUI have 
lower sexual satisfaction than women with SUI [48]. Many women with UI may 
avoid sexual intercourse because of fear of leakage during intercourse. Coital UI is 
the involuntary loss of urine during sexual activity, including during arousal, pene- 
tration, and/or orgasm. Coital incontinence is estimated to occur in 10-66% of 
women with UI [51, 52]. The relationship between type of UI and coital inconti- 
nence is also controversial. Most of the evidence suggests that women with SUI 
have more penetrative incontinence and women with UUI have more incontinence 
during orgasm [46, 49, 53]. Recent studies with larger sample size using validated 
surveys have found no relationship between UI type and coital incontinence [51]. 

Surgical correction of UI does not consistently improve sexual function. Data are 
inconsistent on which, if any, surgical intervention for SUI or UUI is more or less 
likely to affect sexual function. Improvement in sexual function is greatest among 
women with successful resolution of UI [47]. 


15.9 Stress Urinary Incontinence 
15.9.1 Pelvic Floor Physical Therapy (PFFT) 


Little is known about the impact of PFFT on sexual function in women with 
SUI. Qualitative studies have found that pelvic floor therapy in women with SUI 
does improve sexual desire, performance during coitus, and achievement of orgasm 
[54]. Whether or not these changes are secondary to improvement in global pelvic 
floor function or to decrease in UI is unknown. 

The effect of pelvic floor muscle exercises on sexual function in women with 
urodynamically proven SUI was evaluated in women who were randomized to 
either a control group or 6 months of pelvic floor muscle training [55]. Compared to 
the control group, women that underwent pelvic floor muscle training reporting 
significantly less UI with intercourse (10.5 vs 41.7%, p = 0.02) and that their sex- 
life was less likely to be spoilt by urinary symptoms (16.7 vs 50%, p = 0.03) as 
reported on the Bristol Female Lower Urinary Tract Symptoms (B-FLUTS) 
questionnaire. 

The effect of a program of supervised pelvic floor muscle training on sexual 
function was evaluated in women with urodynamically diagnosed SUI using the 
FSFI 12 months after treatment [56]. All domains of the FSFI were significantly 
improved, with mean total FSFI scores increasing from 20.3 + 2.3 to 26.8 + 2.8, 
p<0.01). 
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15.9.2 Colposuspension and Midurethral Slings 


Several studies evaluate the improvement of sexual function in women undergoing 
Burch colposuspension or fascial slings for SUI. One of the largest studies included 
655 women in a RCT [47]. Two years after surgery, mean PISQ-12 scores improved 
in both groups (32.23 + 6.85 to 36.85 + 5.89, p = 0.01). Fewer women reported 
restriction of sexual activity due to fear of incontinence (10% vs. 52%, p < 0.01) and 
negative emotional reactions during sex (9% vs. 35%, p < 0.01). 

Sexual function was compared in a secondary analysis of RCT in 39 women 
undergoing autologous fascial sling versus 24 women undergoing tension-free vagi- 
nal tape (TVT) [57]. The mean follow-up was 54 months. After a median follow-up 
of 54 + 21.9 months, no significant improvements were found in any of the FSFI 
domains for all of the patients in the study (lubrication: —0.25 + 1.71 p = 0.4, pain: 
—0.4 + 1.36 p = 0.1, desire: —0.29 + 1.30 p = 0.2, arousal: —0.22 + 1.48 p = 0.4, 
orgasm: —0.33 + 1.53 p = 0.2 satisfaction: —0.25 + 1.33 p = 0.3), and FSFI scores 
were similar between the fascial sling and TVT groups (20.4 + 6.8 vs 23.9 + 3.9, 
p =0.53). 

Since the introduction of synthetic retropubic midurethral slings as a minimally 
invasive treatment option for SUI, several studies have evaluated their impact on 
sexual function. A meta-analysis of midurethral sling procedures included the TVT 
and the transobturator tape (TOT) on sexual and orgasmic function [58]. A total of 
18 studies were included of which 5 articles were RCT trials, 2 were retrospective 
cohorts, and 11 prospective cohorts. Each of these studies used different question- 
naires to assess sexual function (FSFI, PISQ, etc.) so postoperative improvement in 
overall sexual function was calculated by subtracting the preoperative sexual func- 
tion score from the postoperative sexual function score for each study. In TVT pro- 
cedures, significant improvements in mean postoperative sexual function and 
orgasm scores were observed (p < 0.01). In TOT procedures, mean postoperative 
sexual function scores improved (p < 0.015) but not orgasm scores (p < 0.13). 
Alterations in the sexual experience and/or orgasm following sling placement were 
hypothesized to result from the interruption of neuronal tissue along the anterior 
vaginal wall due to the dissection and positioning of the midurethral sling. 
Autonomic innervation of the anterior vaginal wall has been found to be disrupted 
after TVT surgery [59]. 

Sexual function after single incision slings (SIS) has also been investigated. A 
prospective cohort study found that 6 months after surgery FSFI scores improved 
(23.86 + 5.67 vs 27.25 + 4.66, p < 0.01) [60]. Sexual function was compared 
between SIS and TOT though a single-blind, randomized, parallel-group study of 
154 women [61]. After 36 months, PISQ-12 scores were unchanged in both groups, 
and no differences were observed between groups. In a similar RCT of 94 women 
with 24 months follow-up, improvements in sexual function were noted in both 
groups, without differences between groups. Postoperative sexual function was 
compared between SIS and TVT in a prospective cohort study of 150 patients [62]. 
After 6 months, FSFI scores improved for both the SIS (24.3 + 4.56 vs 27.22 + 4.59) 
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and TVT (24.63 + 6.62 vs 28.47 + 4.41) groups (both p < 0.01) but no difference 
between sling types. 


15.10 Urinary Urgency Incontinence and Overactive Bladder 
15.10.1 Oral Medications 


The effect of oral anti-incontinence medications on sexual function in women with 
UI and OAB is lacking. The largest study evaluated tolterodine and sexual function 
was a multicenter, double-blind, placebo-controlled trial of tolterodine versus pla- 
cebo on 411 sexually active women with OAB [63]. After 12 weeks of treatment, 
Tolterodine ER was associated with statistically significant improvements in Sexual 
Quality of Life Questionnaire—Female (SQOL-F) scores, PISQ total, and PISQ 
Physical Domain scores versus placebo (p < 0.01). 

Mirabegron has been found to improve sexual function. In a prospective cohort 
of 50 women with OAB [64], FSFI scores significantly improved in 84% of women 
from 18.9 + 4.3 to 21.8 + 4.5 (p < 0.0001) 12 weeks after initiation therapy. A pro- 
spective controlled study of 85 women with OAB [65] found that 3 months after 
surgery, patients who received Mirabegron had a significant increase between pre- 
and posttreatment FSFI scores (20.3 + 3. 8 vs 26.6 + 4.2, p < 0.01). Patients who did 
not receive the medication had a nonsignificant decrease in FSFI scores (20.0 + 2.5 
vs 19.8 + 2) (p = 0.609). 


15.10.2 Neuromodulation 


Several studies have evaluated improvement in sexual function after placement of 
sacral neuromodulation (SNM). One large systematic review and meta-analysis 
evaluated sexual function in 573 women before and 438 after implantation for func- 
tional urinary and fecal incontinence [66]. On pooled analysis, a significant improve- 
ment in sexual function with a SMD of —0.39; 95% (CI: —0.58 to —0.19; p = 0.0001) 
was noted after implantation with SNM. 

Less data exists on sexual function after Percutaneous Tibial Nerve Stimulation 
(PTNS). In a systematic review and meta-analysis of only four studies that included 
58 patients with and 52 patients without PTNS, sexual function following PTNS in 
patients with urinary and fecal incontinence was evaluated [67]. Sexual function 
significantly improved with a SMD of 0.41, (CI —0.79, — 0.03, p = 0.04). 


15.10.3 Intra-detrusor Botulinum Toxin A (Botox) 
Few studies have evaluated Botox and sexual function. In a small study on 56 


patients before and after treatment with intravesical Botox for UUI, sexual function 
was assessed at baseline and 12 weeks after treatment [68]. A significant 
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improvement between pre (21.59 + 3.69) and postoperative (23.3 + 2.79) FSFI 
scores (p < 0.01) was noted. 


15.11 Anal and Fecal Incontinence 


The impact of anal and fecal incontinence (FI) on sexual function is understudied 
and limited to few studies. FI does not seem to affect rates of sexual activity; women 
with FI have similar frequencies of sexual desire, orgasm, and satisfaction with 
sexual activities, as compared to women without FI [69, 70]. Sexually active women 
with FI do report worse sexual functioning including lower PISQ-12 scores and 
greater rates of various sexual complaints including: low sexual desire and satisfac- 
tion, dyspareunia, difficulty achieving orgasm, and avoidance of sexual activity [69, 
70] as compared to sexually active women without FI. Also, worsening FI is associ- 
ated with worsening of sexual function [70]. Women with isolated flatal inconti- 
nence do not have worsening sexual function as compared to women without fecal 
or flatal incontinence [70]. 

Literature on the impact of various FI treatments on sexual function is limited to 
surgical interventions. To date, there are no studies that have evaluated the impact of 
physical therapy on sexual function in women with FI. In general, postoperative 
sexual function does not seem to correlate with improvement of FI. 


15.12 Surgical Treatment of Fecal Incontinence 
15.12.1 Sphincteroplasty 


Only a few studies have evaluated sphincteroplasty and sexual function. Among 59 
women contacted a mean of 5.6 + 3.0 years after undergoing sphincteroplasty, 78% 
were sexually active and had a mean PISQ of 34.1 + 6.6. No correlation was found 
between PISQ-12 and Fecal Incontinence Severity Index (FSFI) scores (r = —0.064, 
p = 0.678) [71]. Limitations of this study include the lack of sexual activity rates and 
PISQ-12 scores preoperatively. 

A smaller study evaluated sexual satisfaction 6 months after sphincteroplasty for 
FI following third- and fourth-degree perineal tears among 18 women [72]. After 
sphincteroplasty, significantly more women reported their sexual satisfaction as 
‘Better or much better’ (7.1% vs 33.3%, p < 0.05) and likely to achieve orgasm 
(6.7% vs 28.3%, p = 0.012). Ninety-four percent of women resumed sexual activity 
after sphincteroplasty an average of 5.2 months (range 6 weeks to 3.2 years) after 
surgery. Limitations of this study include the use of nonvalidated surveys. 
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15.12.2 Neuromodulation and Botox 


The impact of SNM and Botox on sexual function in women with FI was evaluated 
in a secondary analysis of a RCT on women with refractory UUI. A total of 174 
women were treated with SNM and 190 were treated with Botox. At the primary 
end point of 6 months, there was an improvement in FI from baseline for both 
patients in the Botox (—1.9, 95% CI —2.6 to —1.2) and SNM (—0.9, 95% CI —1.7 to 
—0.2) groups without an observed difference between groups (p = 0.07). The 
improvement in symptoms were less than the minimally important difference, and 
therefore improvements were not clinically significant. Similarly, a small but sig- 
nificant improvement in the PISQ-12 was observed for both the Botox (PISQ-12: 
2.2, 95% CI 0.7-3.7, p < 0.05) and the SNM (2.2, 95% CI 0.7-3.7, p < 0.05) groups 
without a difference between groups (p = 0.99). Similar results for both FI and 
sexual function were found at 12 and 24 months [73]. 


15.13 Conclusion 


Evaluation of sexual activity and function is a key element in the treatment of 
women with pelvic floor disorders. While the impact of prolapse and incontinence 
on rates of activity and function are poorly described, for most disorders treatment 
either improves or does not change sexual function. While this is true for most 
women who undergo therapy for their pelvic floor disorders, a few women will 
report severe complications following surgical interventions for pelvic floor func- 
tion, underlining the importance of evaluation prior to and following interventions. 
Future research is needed to be better able to predict sexual outcomes following 
interventions for pelvic floor function. 
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